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Levgrrs rnovement is associated with feeding but reproduction may affect the 

movement of this important pest. Lygzcs reproductive biology and host phenology may be 

associated with each other and may affect which hosts are invaded. when movernent 

occurs within s season. and which individuals participate in movement. 

Egg development and size of seminal depository of u ~ l a t e d  and mated L. elisus 

females was characterized for individuals that were colony reared. In colony reared L. 

elisus, egg development occurs independent of mating. Previtellogenic. vitellogenic, then 

chorionated oocytes are present in 4, 5, and 7 d old unmated and mated fernales. Mating 

results in expansion of the seminal depository. Graduaily, with time, the seminal 

depository decreases in size and the number of chorionated oocytes within ovarioles 

decreases. Multiple mating is suspected to occur in L. elisus females. 

Lygiîs elisus and L. borealis sex ratios, fernale mating status, and egg 

development stanis were determined in individuals collected with a sweep-net from early 

(seeded May I 1) and late (seeded June 14) stands of annual canola and peremial forage 

crops in 1994 and 1993. Both L. elisus and L. borealis females appeared to utilize canola 

for oviposition. High frequencies of females of both species were rnated and ready to 

oviposit in canola while high frequencies of females in the forage crops, during 

corresponding time periods, were unmated and not reproductively mature enough to 

contain chorionated oocytes. The results indicate that canola and forage are utilized by 



both L. eliszis and L. borealis differently during the period studied and that reproductive 

development may affect movement. 

Although male to female sex ratios fluctuated temporally in sweep-net collections 

performed in canola and forage crops, no pattern was apparent. Srx ratios fluctuated 

between male and female between sampling periods examined which suggests that both 

males and females participate in continuous movement in the field. Based on fernale 

mating statu and egg development, high frequencies of mated L. elistrs and L. borealis 

females containing chorionated oocytes wsre collected from the canola while high 

frequencies of unmated females containing previtellogenic, or vitellogenic staged oocytes 

were collected in forage crops. This suggests that L. elisics and L. borealis in the forage 

are younger than those in the canola. that both Lygzrs species utilize canola and forage 

crops differently based on the completion of reproductive activities, both species move 

into canola, and L. elisus and L. borenlis exhibit a movement pattern in which 

reproductively mature individuals participate in dispersal. 
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1. rNTRODUCTiON 

1.1 The problem 

Lygirs are highly mobile insects (Ste\vart and Gaylor 1994a) found in several 

different host species including economically valuable crops (Section Two). They feed 

on meristematic and reproductive host tissues and consequently inflict damage (Hori 

1976) that c m  affect yields in valuable crops (Buns and Lamb 1990; 199 1). Typically, 

Lygrrs movement into different hosts has been attributed to feeding, however, movement 

to different hosts, including into economically valuable host crops, may be an adaptation 

to locate mates or to find suitable oviposition sites. 

Reproduction, as well as feeding, should be considered in understanding Lygzrs 

movement. Studying the reproductive status of Lygtis, in relation to seasonal host 

phenology, may add to our understanding of the relationship between reproduction and 

rnovement. This relationship may affect which hosts are invaded, when movement 

occurs within a season, and which individuals participate in movement. This information 

has implications for management strategies aimed at controllinç this important pest. 

1.2 Objectives 

The objective of the research described was to determine the reproductive status 

of L. eliszis and L. borealis present in forage and canola crops in southem Alberta over 

the rosette, bud, and early flower development penods of canola. Specific objectives of 



this snidy were: 

(1) To characterize the reproductive development of L. clis~is in relation to days of 

adult development. 

(2) To describe the mating status of female L. eiiszcs and L. borenlis collected from 

fonge and canola crops. 

(3) To determine egp development status in L. cliszis and L. borealis collected from 

forage and canola crops. 

Description of L. eliszis and L. boreuiis populations, and determination of female 

mathg status and egg development in relation to canola crop phenology provide 

information about Lygzrs populations found in forage and canola crops but. more 

importantly, indicate how Lygrrs adults utilize both crops. Mating status and egg 

developrnent data indicate which Lygis individuals move and may provide clues as to 

why they move and when this OCCLUS. Reproductive status information has implications 

for Lygirs management and might expand the understanding of Lygzis movement. 

1.3 Thesis Organization 

The thesis is divided into four main sections: Introduction, Literature Review, 

Research , and General Discussion. The Literature Review introduces information on 

Lygzrs seasonal biology, host range, mirid movement, and outlines a proposed mode1 of 

Lygm rnovement. The Research section describes new resellrch exarnininç L. rlislis 

reproductive development and L. ctisrrs and L. borcalis mating and egg development in 

fonge and canola crops. Studies addressing the diree specific objectives outlined above 

compose the Research section. Specific objectives are examined in two sections in the 



style of a scientific paper. The general discussion relates important observations from the 

two research papes and provides general conclusions on the reproductive status of L. 

elistcs and L. borealis found in forage and canola crops in southern Alberta and Lygzrs 

movement. 



2. LITERATURE E V I E W  - THE FWCTION OF L YGUS MOVEMENT. 

2.1 Introduction 

In southem Alberta, the genus Lygtis is represented by Lygis rlistis Van Duzee, L. 

hesperzis Knight, L. borealis Kelton L. lineolaris Palisot de Beauvois. L. nrbrosignatiis 

Knight L. shiilli Knight, and L. solidughis Kelton (Kelton 1980). Lygzis occur as a 

complex (Fye 1987) in the field with several coexisting species which inflict similar 

darnage on hosts. They are capable of feeding on numerous plants of unrelated genera in 

different orders (Kelton l9SO). Their host range includes weeds, field crops, vegetable 

crops, and fmit crops (Table 1). 

Lygris damage a variety of economically important crops (Table 1). Both Lygtis 

adults and nyrnphs prefer to feed on meristematic and reproductive tissues of the host 

plant (Spangler et al. 1993; Strong 1970). Meristematic tissue, meristems, or apical 

meristems are regions of the plant where undifferentiated cells are rapidly dividing to 

form new plant tissues. These regions are located at the tips of roots and shoots (Raven et 

al. 1986). Buds and developing seeds also contain meristematic tissue. 

Seasonal Biolow. Lygus ovenvinter as unmated adults (Ridgeway and Gyrisco 

1960; Strong et al. 1970). Ovenvintered Lygm females emerge and oviposit throuçh 

May, June, and July in Canada (Kelton 1983). In the early spring, ovenvintered adults 

emerge and feed. AAer matinç, Lygiis oviposit e g p  singly but in clusters (Chittenden 



Table 1: Partiai Lygzrs host list adapted from the literature. 

Weeds 
Prickly lettuce 
Pcrrnnial sowthistlc 
Crinoda thistle 
iisnbit 
Nmow Icaf vetch 
Field chickwrd 
Culy dock 
Shcparrfspurse 
Larnbsquanen 
iiochia 
Krdroot pigwccu 
Russim thistlc 
Flixwrcd 
Goldenrod 
Russian knaprvsrd 

Field Crops 
Cotton 

Birdsfoot trcfoil 
W hrat 
Mustard 

Suntlowcrs 
Lcntils 

VegetabIe crops 
Cc 1 cry 
Grccn bcms 
Sugrubscts 

Fruit crops 
Applc 
Apricot 
Peac h 
Plum 
Rzpbcm, 
Blackbcny 
C u m t  
Thimblcbcrry 
Goosc bcrq 
Smw berry 
Chokechcrry 
Swcct cherry 

Lactuca serriola L. 
Sonchw anarmÏs L. 
Cirsium anvnsr (L.) Scop. 
&miam amplrxicaulr L. 
C'icia angicsriJXa L. 
Ccratiurn urvrnse L. 
Runes crrspru L. 
Copsella bursa-pasiorts (1.) Xlr tlic. 
Chenopoûium ulbum L. 
Kochia scoparia (L.) Schnd. 
..imuranrnus rrrrojirxiis L. 
Suisola tbericu L. 
Descurainia sophra (L.) Wribb 
Solidago spp. 
C*ntuarea repens L. 

Lotus cornrculatus L. 
Triticum spp. 
Brassica juncea crisp foliu L. 
Sinapis alba L. and S. ( IN~'MIS  L. 
Brassica napw L. 

Brassrca rapa L. 

Heltanrhtrs annuus L. 
Lens culinaris bledil; 

Sfahrs spp. 
Prunus armeniaca L. 
Prunus pcrsica L. Batsch. 
Prunus ciome~rica L. 
Rtrbus s p p. 
Rubw urrrinus L. 
Ribes spp. 
Rubw parvrflont~ Nutt. 
Ribis spp. 
Frayaria spp. 
Prunus virginiana L. 
Prunus avittrn L. 

HagA(1978) 
thgel (1978) 
Hagcl(1978) 
thgcl ( 1978) 
tlagcl ( 1975) 
tIagcI( 1975) 
Hagc1( 1973) 
Fyc ( 1980; 1982); Schwriru and Foottit ( IU92) 
Fys ( 1940; 1982); Reid ct al. ( 1976) 
Fys ( 1980; 1932); Schwarn and Foottit ( 1992) 
rye (i98ù; i%Zj 

Fye ( 1980; 1982) 
Fyc ( 1980; 1982) 
Fyc (1980; 1982) 
Fys ( 1  980) 

Cleveland ( 1982); G u t c i m  et 31. ( t 977); 
t Ianny et 31. (1977); Sevachcrian and Stcm 
( 1975) 
Cnig (1983); Fyc ( 1980); 
Sevacherian and Stem ( 1974); So~nson  ( 1936); 
Somka rind blumll (1 993) 
S c h w m  and Foottit (1992); Wiptli et al. (1990) 
Varis ( 1995) 
Stcwm and Goytor (1 99 1 ) 
5chwarn and Foottit (1997) 
Outrs and Lamb (1990; 199 1); 
Gcrbcr and Wisc ( 1995) 
Schwartz and Foottit ( t 992l;Tumock et 31. 
(1995) 
Fyc (1982) 
Schoako and O'Krctlk ( 1989) 

Boivin ct al. (1991); Khaiat and Stewrin (1975) 
Kliattrit and Stcwxt ( 1975) 
Tlirnriki and tIngcl( 1978) 

f 1;iuschiId and Parkcr ( 1976); KsIton ( 1980) 
Kelton ( l98O) 
Kclton ( 1980) 
Kelton (1980) 
Kelton ( 1980) 
Kclton ( 1'380) 
Krlton ( 1980) 
Krlton ( 1980) 
Krlton ( 1980) 
Kelton ( 1980); Zalom ct al. ( 1993) 
Krlton ( 1980) 
Rclton ( 1980) 



and blarsh 19 10). Eggs are oviposited into the surface of the leaf petioies, terminal stem 

tissue, stems of fmiting bodies, and hi t ing  bodies (Leigh 1976). 

Fint generation nymphs appear by rnid-June in alfalfa (Merlicago sdvcc L.) in 

southem Alberta (Salt 1945) and develop through five instars (Butler and Wardecker 

1971). By mid-July nymphs become fint genention adults, reproduce, and produce a 

second generation of Lygzcs in alfalfa by early September (Salt 1945). The total nurnber 

of generations in a given locality depends upon the season and climate. Salt (1  945) 

indicatrd that three genentions are produced in alfalfa in southern Alberta when some 

ovenvintering individuals emerge and reproduce early. 

Lvmis Female Reoroductive Bioloev. Oogenesis occurs within the ovarioles of 

fernales. In Lygzis paired ovaries. each with seven ovarioles are present (Fig  1 a). Each 

ovariole is divided into four functional sections (Fig. 1 b). At the extremr anterior end of 

the ovariole is the terminal filament which combines with other terminal filaments from 

other ovariolrs to form the median ligament. The ovarioles are maintained in position by 

the attachent of the median ligament to the anterior phragma of the rnesonotum (Davis 

1955). The next section of the ovariole is the germariurn within which the primordial 

germ cells, and follicle cells (cystocytes and trophocytes) are located. It is the germ cells 

which differentiate into oogonia and later form oocytes. The third section of the ovariole 

is the vitellarium which contains oocytes that continue to grow in number and size, both 

through continued ce11 differentiation and deposition of viteliogen, which extends the 

diameter and length of the vitellarium. The vitellarium is the major portion of the 

ovariole (Richards and Davies 1977) due to its enlarging contents. The last section of 



Figure 1. The morphology and function of Lygirs ovarioles. (a) Intemal organs of 
reproduction in an unmated female (adapted from Davis 1953, (b) the four functional 
sections of an ovariole (adapted from Romoser and Stoffolano 1 W8), and (c) oogenesis 
in an acrotrophic ovariole (adapted from Romoser and Stoffolano 1998). 
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the ovariole includes the pedicel or ovariole stdk which is a short duct that connects the 

egg tube with the lateral oviduct. 

The manner in which nutrients are supplied to oocytes alters the contents of the 

germariurn and vitellarium. In Herniptera. oogenesis is meriostic. more specifically 

ocrotrophic where trophocytes remain in the germxium, anterior to oocytes. The oocytes 

are progressively displaced posteriorly by newer developinç oocytes. Rather than 

altemate with oocytes, in acrotrophic ooçenesis the trophocytes in the germariun provide 

nutrients (RNA, glycogen. lipids, sometimes extranuclear DNA) (Richards and Davies 

1977) via long plasmatic strands which must elongate with the displacement of older 

oocytes down the ovariole (Fig. 1 c). The secretions of median cerebral neurosecretory 

cclls, and juvenile hormone by the corpora allata, regulate in the absorption and synthesis 

of nutrients supplied by the trophocytes (Richards and Davies i977). 

Eventually, an oocyte does not require nutrients and the trophocytes are no longer 

required and degenerate (Snodgrass 1935). The epithelial cells of the vitellarium grow 

inwards and enclose individual oocytes to forrn distinct follicles. A vitelline membrane 

foms fiom the outer layer of the oocyte behveen the oocyte and the follicle cells. The 

follicle cells then produce the chorion which encases the oocyte. An endochorion foms 

over the vitelline membrane by a series of sections that consist of polyphenol, tanning 

proteins, polyphenol, oil, and açain proteins. The outer exochorion is composed of layers 

of soft lipoprotein followed by resistant lipoprotein laid over the endochorion. In 

preparation for oviposition, the epithelial plug degenerates and the oocyte breaks free of 

the follicular epithelium formed by the follicle cells. The oocyte enters the ovariole stalk 



and so moves to the laterd oviduct, 

In mirids, two valvulae Form the ovipositor. Normally houscd within three 

valvifers, the toothed valvulae are held perpendicular to the abdomen and altemately 

move to produce a cutting action into the selected plant tissue. Muscular contractions in 

the lateral oviducts rnove oocytes into the genital chamber which also opens to the 

seminal depository by a broad. slit-like orifice (Davis 1955). The rnuscular rnovements 

associated with the cutting action of the valvulae result in the movement of oocytes from 

the genital chamber to the egg c h m e l  which is formed by the two valvulae (Davis 1955). 

Oocytes exit the egg c h m e l  and remain in the plant tissue. As oocytes are eliminated 

from the posterior of' the ovûrioles through oviposition, anterior oocytes are displaced 

posteriorly into position to be oviposited. 

A gravid L. iincolnris female contains 6-1 6 eggs at any tirne dunng the growing 

season (Ridgeway and Gyrisco 1960). However the fecundity, based on laboratory 

rearing of L. lincolaris eggs fiom single pairings of a field collected male and female. is 

rstimated at 239 nymphs for ovenvintered fernnles and ranges between 250 and 334 

nymphs for first generation female adults (Gerber 1995). The discrepancy between egg 

number and fecundity may be attributable to multiple mating in both rnales and females. 

Strong et al. (1970) found that L. hesperus males mate up to five times and fernales mate 

nt least three times. Lygus hrsperus eçgs require roughly 12.2 kO.7 1 days (x S D) to 

hatch at fluctuating temperatures between 10-25°C. At the same temperature, it takes 

27.2 k 1.98 days to reach adult eclosion from hatch (Champlain and Butler 1967). 

Movement Among Hosts. Lygis are strong tliea and, based on flight mil1 



experiments, they are capable of travelling 12 km wivithin a 12 hour penod (Stewart and 

Gaylor 199Ja). The insects' wide host range includes species of plants which are 

available for L. lineolaris to utilize at various penods during the season (Fig. 2). An 

example of recorded Lygzis incidence within a season in California demonstrates how 

rnobility and wide host range contribute to seasonal Lygus movement (Stern 1976) (Fig. 

3). Between April and bfay Lygzis are found on weed hosts and by early May until early 

June they are present on alfa1B (Stem 1976). In rnid-lune, Lygzis adults move from 

alfalfa that is cut for hay to fmiting Cotton (Fig. 3)  (Stem 1976). In Canada. Lygiis 

immigrate to canola presumably from forage crops and nearby wild hosts which were 

available and utilized evlier in the season (Butts and Lamb 1990). 

Lygirs move between different host species and the movement from one host to 

anoiher is not well understood. Understanding when Lygirs move between host crops and 

which individuals participate in this type of movement may help us to reduce damage of 

canola by L y g t ~ ~ .  

Mind Movement Patterns. Two types of mirid flight activity are described by 

Waloff and Bakker (1 963) in their study of five mind species Orthotyhis adenocorpi 

(Perris), O. virescrns (Douglas and Scott), O. concolotir (Kirschbaum), Hcterocordylics 

tibialis (Hahn), and Asciodema obsoletiim (Fieber) on a stand of broom (Surothamniis 

scopariirs ( L . )  Wimm.). These species of mirids are univoltine and ovenvinter as eggs. 

Their movements were classified as (1) movements within the habitat or broom stand 

related to mating referred to as "flitting" or (2) movements outside of the habitat referred 

io as "flight" (Waloff and Bakker 1963). 



Figure 2. Seasonal availability of some selected plant hosts of the tarnished plant bug in the 
delta of the Mississippi. Adapted from Cleveland ( 1  982). 





Figure 3. Hosts and the rnovemrnt of Lygrs into alfalfa and safflower from other crops. 
rangelands, and weedy areas. Adapted from Stem (1976). 
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Flitting is performed throughout adult life but sexually immature individuals flit 

for shorter periods of time (Waloff and Bakker 1963) . More males flit than females 

while both sexes fly equally beyond the broom habitat. A high proportion of flying 

females are immature. Temperatures at or below 10 "C result in decreased flitting and 

males are more sensitive to the cold than females. The age and sex of the minds 

influence which individuals take part in reproductive or dispersa1 movements (Waloff and 

Bakker 1963). 

Lyg2i.s follow a crepuscular flight pattern in which a high proportion of adults fly 

within 2.4 m of the ground. Based on sticky trap catches. 90% of trapped L. hesperirs and 

L. eliszu fly no higher than 1.8 rn from the ground and over 50% of both species are 

caught between 30 - I I ?  cm h m  the çround (Mueller and Stem 1973). Butler (1  972) 

found that the majority of L. hesperzrs fly within 236 cm of the ground while Ridgeway 

and Gyrisco (1  960) found that L. heolaris fly within 0-9 1 cm of the ground. The height 

of flight exhibited by Lygl~s may be related to the height of the host crop (Mueller and 

Stem 1973). In the field, L. hrsperrls Ry betwveen 20:OO-2230 (Butler 1972) which is 

similar to L. linrolaris and L. elirrrs which exhibit peak levels of flight between 20:OO- 

2 1 :O0 (Mueller and Stem 1973). 

2.2 Lygzrs Movement 

Lygus movement into valuable crops has the potential to cause econornically 

important yield losses as a result of feeding activities (Butts and Lamb 1990). It is 

therefore useful to investigate when and why Lygiis move from one host to another. 



2.3.1 Movement in Insects 

Insect rnovement is often classified as migration or dispersal. Kennedy's (1 96 1) 

definition of migration and dispersal, based on work performed on Aphis fabae. defined 

migration as persistent, stnightened-out movement perrnitted by the inhibition of 

responses such as feeding or reproduction. When feeding or reproduction are no longer 

inhibited, the persistent movernent would be suppressed (Kennedy 196 1). Dispersal was 

defined by Kennedy as non-migratory movement (Kennedv 196 1). According to 

Johnson (1966), migration is influenced by an oogenesis-flight syndrome which posits 

that migration occurs pnor to oogenesis and reproduction so that young adults move From 

unfavourable habitats and colonize available new habitats. Thus the ooçenesis-flight 

syndrome proposes colonization by pre-reproductive adults as a result of increasing 

population pressures (Johnson 1966). Southwood (1 962) suggested that migration allows 

a species to follow the changes occumng in the habitat. Immigration From temporary 

habitats occurs when the available resources are exploited and O ther, new habitats become 

available (Southwood, 1962). Southwood (1 961) also concluded that these migratory 

events would be stimulated by proximate stimuli (eg. photopenod, crowding, or changes 

in host plant physiology). Another concept in insect migration foilows Johnson (1 966) in 

that it favours migration of individuals which have a high rate of population increase 

(Dingle 1972). Dingle (1982) proposed that migrating individuals should move to 

habitats suiting the development of offspring. In order to achieve this adaptive type of 

dispersal, the migrating individuals should move pnor to reproductive maturity, and 

possess a high reproductive value meaning individuals would contribute greatly to 



population growth upon arrivai (Dingle 1972). 

2.7.1. The Function of Adult Dispersal in Lygirs Life History 

Food quality, food quantity and population density are intenelated and often 

jointly studied for their effect on insect movement. These three ecological factors 

influence flight capability and movement in some Heteroptera. Lack of food stimulates 

tlight and defers ovaian development and flight muscle histolysis in Dyscierczrs spp. 

(Heteropten), which are facultative migrants (Dingle and Arora 1973). Density does not 

affect the proportions of mirid species moving away from broom (tValoff and Bakker 

1963). hIueIler and Stem (1973) found that the population density of L. ciisirs remained 

relatively constant through the season with relatively equal numbers entering and leaving 

safflower fields monitored with two-sided sticky traps. More L. hrsperzrs entered than 

left in the same rnonitored fields. However, L. rlisrrs which were at Iower densities than 

L. hesperzrs were more prone to flight activity. 

Ecological and behavioural theories exist which attempt to predict when and why 

migration or dispersa1 occurs in insects. However, controversy surrounds the definition 

of 'insect migration' (Rankin and Singer 1984) and the subject of 'insect dispersal' 

(Johnson 1966). Rmkin and Singer (1 984) avoided use of the term insect migration and 

chose to review insect movement which encompasses short-distance fonçing and long- 

distance migration. In the marner of Rankin and Singer (1 984), the foliowing is a review 

of sorne of the factors associated with insect movement and how it may apply to when 

and why Lygzcs move from one host to another. 



Host Preference. If adult Lygzu move to find feeding sites, and they exhibit 

feeding preferences, a relationship between the availability of preferred food and 

movement to that food is likely to be evident. Lygtis show a preference for meristemûtic 

and reproductive plant tissues (Spangler et al. 1993; Strong IWO). Therefore, if Lygzcs 

movement is the result of finding feeding sites. movement to host sites. presence and 

damage by Lygzn, and movement from hosts lackinç preferred food items should occur. 

The seasonal host plant sequence for L. linroiaris in the California Delta was 

recorded (Fig. 3). The hosts plants examined in Figure 3 include drying weeds and 

potatoes at harvest stage. Lygiis lineolaris move from the weeds and potatoes lacking 

meristematic or reproductive tissues to alfalfa which produces meristematic or 

reproductive tissues for long periods in the gro~ving secison or presquaring cotton (Fig.2). 

Lygzrs lineolaris is present on tender plants plus other early weeds in late winter and early 

sprinç in the Mississippi Delta (Cleveland 1952). Lygus are found in alfalfa during the 

exly vegetative stage. flowering and seeding periods (Fye 1982). Lygzls move into beans 

until the crop matures (Hagel 1978). Spmgler et al. (1993) found that L. Zineoinris adults 

are stronçly attracted to ripe h i t  and may be present in bramble plantings during fruit- 

ripening. Lygzts hesperzcs and L. elislrs move frorn hosts plants beçinning to dry due to 

water stress (Sevacherian and Stem 1974) and alrnost d l  L. hcspenrs move to another 

field when alfalfa is cut (Butler 1972). Based on these observations, it would seern that 

Lygics perceive host quality and move to or depart frorn hosts based on the availability of 

meristematic and reproductive tissues. Lygrrs movement appears to be reiated to the need 

to procure food and the location of prefemd food items. 



Lygzrs population peaks occur at periods of production of meristematic and 

reproductive plant tissues. Adult L. lineohris populations increase in soybean fields 

during the full bioom and peak at the pod set stage (Poston and Pediço 1975). In 

southern Manitoba, adult L. lineolaris are found in canola from the rosette to pod stages 

of development (Leferink and Gerber 1997). Adult L. linrolaris populations peak in 

canola during bud (Gerber and Wise 1995), flowering (Gerber and Wise 1995; Leferink 

and Gerber 1997; Timlick et al. 1993), and again at the pod stage in southern Manitoba 

(Timlick et al. 1993). Recorded peaks of L. linrolriris adult and nymph abundance in 

brambles (raspberry and blackberry) occur at the bloom to green fruit stages and fruit- 

ripening stages in central New York (Spangler et al. 1993). High populations of adult L. 

l ineohis coincide with trefoil blossom setting between late June and early July in 

Wisconsin (Wipfli et al. 1990). Therefore, Lygio population peaks which can indicate 

movrment. are associated with the seasonal availability of meristematic or reproductive 

plant tissues for various host plants. 

Insect damage, although dependent of plant response. can also indicate insect 

presence. By cornparhg when Lygtrs darnage is occumnç in hosts in relation to host 

development stage one c m  infer what plant stage is utilized or even preferred by the 

insect and when the insect moves into the host. Heavy damage occurs in cotton during 

the stages of presquaring (Hanny et al. 1977), squaring (Gutierrez et al. 1977), and up to 

bol1 setting (Cleveland 1987) indicating a synchronous presence of the insect with the 

production and availability of cotton meristernatic and reproductive tissue. Young 

sugarbeet seedlings require protection from L. hespcrirs and L. elisrls (Tamaki and Hagel 



1978). Lygzrs lineolaris vil1 damage green beans at the flower and pod setting stages 

(Khaaat and Stewart 1975). Feeding causes abscission of buds and flowers, collapse of 

serds, and a reduction in weight of hedthy seeds in Brnssiccr rupa (Buns and Lamb 

1 990). To control L-vps damage in B. napus and B. rupa, recommended insecticidal 

appiications are applied at the early pod stage as this coincidrs with the peak Lygzrs 

population in northern Alberta (Butts and Lamb 199 1). From these results, i! is evident 

that there is a strong relationship between the presence of Lygirs and the abundant 

availability of preferred meristematic and reproductive tissues. 

Reoroduction. Many insects move in response to their reproductive biology. 

Reproductive processes may be associûted with when and why Lygiis move because host 

choice and host utilization may be the result of these processes. 

Heterosexual and hermaphroditic individuals, because of their mode of 

reproduction, are required to locate mates to reproduce and this usually involves 

movement of one individual to find a compatible. sexually receptive conspecific. Mate 

location is svongly affected by whether females mate once or mate multiple times 

(Thornhill and Alcock 1983). In monogamous species. males search early for young 

females (Thomhill and Alcock 1983). An example of this is the solitary bee (Crnrris 

pnflih Fox) which mates only once. Newly eclosed. virgin females are sought out at a 

particular tirne of the season by adult males which emerge before females. 

Insect species which mate multiple times increase the number of opportunities 

available for adults to mate and a multiple mating system alters the time when males are 

seeking mates. When females mate multiple times, males are more prone to search for 



fernales just pnor to oviposition (Thornhill and Alcock 1983). Lygus hespenîs femdes 

mate and oviposit multiple times (Strong et al. 1970). In laboratory studies L. hesperzîs 

males mate up to five times within a 5 day penod (Strong et al. 1970). Female L. 

hesperzis mate up to three times within a 13 day period (Strong et al. 1970). Based on L. 

hespencs, multiple mating oppominities are iikely present for al1 Lygus species and this 

might affect when and where males and Females seek mates. 

Mating behaviour dictates how and where insects move in order to interact with 

mates. Lygzîs mate while in contact with a substrate thus matinç might occur on some 

part of a host plant. Evidence from the laboratory indicotes that either a male or female 

L. lineolaris is able to initiate copulation using visual cues (Strong et al. 1970) and 

proximity may affect communication. When a pair of adult L. lineolaris are placed in a 

cage (interior diameter 2.5 cm x height 2.5 cm) the two individuals become quiet, 

remaining immobile (Strong et al. 1370). Both individuals begin a slow walk and when 

both antennae of the male contact the fernale, the male beçins an aggressive behavioural 

pattern consisting ofvertical jerking and quivering of its abdomen (Strong et al. 1970). 

When the male approaches from the right side of the female, he places his abdomen under 

the right side of the female and attempts to copulate with the tip of his abdomen toward 

the base of the female's ovipositor (Strong et al. 1970). A receptive female bends her 

ovipositor 180" tu allow the tip to extend posteriorly (Strong et al. 1970). In some 

situations a femaie initiates copulation, signals receptiveness by bracing her legs and 

raising her abdomen or even approaching the male then tapping her abdomen on the 

substrate causing an audible noise (Strong et al. 1970). This behaviour by the female 



results in the male initiating his aggressive behaviour previously described and copulation 

follows (Strong et al. 1970). 

Lygzrs movement is affected by the reproductive development of the adult. Age, 

sex, and egg development influence which Lvgrrs move and the pattern of their movement 

from one host to another. Typically younger adults and parous female L. iineolnris 

individuals colonize a host patch of prefl owenng mustard (Brussica jlmcea crispifolin) 

(Stewart and Gay lor 199 1). Gerber and Wise (1 995) suggcst first-generation females 

disperse from host alfalfa and strawbemes when the females become reproductively 

mature. Stewart and Gaylor (1994a) examined the flight activity of laboratory reared 

(27°C) L. lineoiaris using a flight mil1 and concluded that reproductive females are most 

inclined to colonize. Stewart and Gaylor (1994a) found that femaies with chorionated 

eggs flew seven times longer than egg-less female L. lineolaris. Reproductive males and 

females had longer cumulative flights than other age classes of adults and females flew 

longer than males in cumulative flights (Stewart and Gaylor 1994a). Reproductive 

maturity, detennined by age and associated with the development of eggs, predisposes 

individuals to fly for longer periods, and yet. Stewart and Gaylor (1 9944 found that pre- 

reproductive females fly farther on single flights than do reproductive females. 

Reproductively mature L. lineolaris, indicated by the older açe and the presence of 

chorionated oocytes, are more prone to ly longer usinç numerous, short distance flights. 

Pre-reproductive L. lheolaris make fewer, longer distance flights. Femaies, pooled over 

al1 age classes. have a longer cumulative flight period (2 1 1.4 * 34.7 min) than males 

(34.2 k 13.4 min) during a 12 hour period (Stewart and Gaylor 1994a). In addition, 



females with chononated eggs e.x.hibit almost seven times longer cumulative flight 

duntions than egg-less fernales while the q e  of the fernale does not affect the duration of 

the cumulative flight (Stewart and Gaylor 19944. 

Location of mates and the movement pattern associated with it may be affected by 

the use of pheromones. Lygrcs may use pheromones in rnatinç and affect the pattern of 

movement conspecifics use to locate and mate with each other. There is evidence that 

pheromones are used in Lygrcs mating. Graham (1987; 1988), Scales (1968), and Strong 

et al. (1 970) observed movement of individuals and males to traps baited with 

conspecifics and females, respectively. However, the only isolated and synthesized 

pheromone found for a mirid is that of the rnullein bug (Cmmylomrna verbnsci Meyer) 

(Smith et al. 1991) and no pheromones has been isolated for Lygtrs to date. Until a 

pheromone is isolated, the full effect of pheromones in mating and their effect on mate 

location remain unknown. 

Insect-Plant Interactions and Lvwcs Movement. Polyphaçous, highly mobile 

insects Iike Lygzcs have several potential hosts available to exploit in the season. Fye 

( 1 980) recorded Lygrs on kochia (Kochia scoparia (L .) Schrad.), ragweed (rlmbrosia 

artemisiifolia L .), horseweed (Conyza canadensis (L.) C ronq.), marsh-clder (ha 

xan~hifolia Nutt.), and goldenrod (Solidago spp.) during early August to October in 

eastern Washington. The condition of these host plants plays a role in the movement 

b e ~ e e n  hosts. Lygu hespenis and L. cliszu move from dry or water stressed alfalfa 

(Sevacherian and Stem 1974) and mature fleabane (Erigeron strigosus) (Stewart and 

Gaylor 1994b). The fecundity of Lygzrs is also aKected by host selection. In a 



cornparison of fieabane and cotton (Gossypium hirslrtzim L.), a higher number of L. 

iineolnris eggs were oviposited on Beabme (Stewart and Gaylor 1994b). In addition to 

low numbers of eggs being oviposited on cotton, subsequent L. lineoiaris nymphal 

survivorship on this host is low (Fleischer and Gaylor 1988). Ldvgzis lineoluris 

oviposition choice experiments using celery, carrot, and beans show that the insects rnay 

choose to oviposit on hosts which are inimical to erg and nymph development (Curtis 

and McCoy 1964). Gerber (1 997) found that there is no difference in the resulting 

number of L. lineoluris nymphs emerging frorn eggs when two Sinapis and four Brassicci 

species were available for oviposition. However. L. lineolnris du l t s  are more abundant 

on B. juncea (L.) Czem than on B. naplis L., B. carinota Braun. S. olbo L., and S. 

arvensis L. (Gerber 1997). Therefore althouçh Lygiis have many hosts to choose from 

and movement occurs when the host plant deteriorates, the hosts preferred for oviposition 

may not be the best host for nymphal survival and development. 

2.3 Discussion 

Much work has been done in the areas of insect migration and dispersal (Dingle 

1972; Johnson 1966: Kennedy 196 1). While some ecological and biological factors rnay 

influence Lygus movement, no mode1 exists which helps one understand how Lygzo 

move into economically important fruit, vegetable and cereal crops. In this discussion a 

possible mode1 is suggested. 

Reproductive processes may be involved in the pattern of Lygzis movernent, Lygtrs 

host selection, and host crop utilkation. Movement afier feeding is associated with 



seasonal decline of host quality but Lygzrs reproductive processes (eg. mate location. 

copulation, or oviposition) may also be associated with Lygzis movernent. The 

completion of reproductive processes rnay even supersede host selection on the basis of 

feeding. A plant host suitable for feeding may be unsuitable for reproduction, therefore, 

reproductive adults may be required to move to find a suitable host to complete 

reproduction. Thus, one would expect that Lygtis movement and host utilization follows 

a different pattern in pre-reproductive and reproductive adults. 

Herbivorous insects are linked to the biology of their host or hosts. Monophûgous 

insects, by definition. feed on one species of plant (Jolivet 1992) and are therefore 

restricted to that plant species' distribution and biology. Even though several host 

individuals may be present, a limited window of opportunity, defined by the host biology, 

determines when the monophagous insect can exploit its host. In contrat, polyphagous, 

multivoltine Lygzis have bern shown to move sequentially within and behveen 

genentions, to various host plant species (Fye 1980). The timing of Lygzrs presence, 

population peaks, and damage in several host crops indicates a strong preference for 

periods of abundant meristematic tissue production. Th asynchronous production of 

abundant meristematic tissue or reproductive tissues by several plant species throughout 

the season is linked to the sequential movement behveen hosts by Lygus. Stem's (1 976) 

exarnple of Lygzls movement in Califomia in an agricultunl habitat demonstrates that the 

availability of meristematic tissue and reproductive plant tissue permits Lygzis to move to 

or fiom a particular plant host (Fig. 3). Lygzls move into a cmp that provides abundant 

production of menstematic and reproductive tissues and emigrates from alfalfa producing 



few buds and flowers. Lygz~s move into Cotton which, at that time in the season, produces 

buds and flowers, the preferred feeding tissues. Fye (1 980) found that the major species 

of weeds in eastem Washington form a perfectly sequenced host range of species for 

Lygus throughout the season begiming with early crucifers. chenopods in mid-season to 

fdl, then composites in the late season. 

Feeding and the location of feeding sites is associated with movement. If a 

preference is exhibited in the feeding behaviour of the insect, some relationship should be 

evident between the availability of the preferred item and movement of the insect towards 

that preferred item. The synchronous apperirance of Lygrs population peaks and plant 

host production of the meristematic and reproductive tissues indicate that Lygus 

movement is mediated by the search for food. This is emphasized by the timing of 

damage by Lygni in crops and the recorded plant sequences for Lyps species. 

Feeding and thus feeding preferences rnay determine when and why Lygrrs move. 

However, the insect's reproductive biology may control which adults fly to a new areas 

and which individuals move from one host to another within the same area. Longer 

single fiights may be permitted because the pre-reproductive females do not participate in 

rnating and oviposition activities which drmand close contact with the host where mates 

and oviposition sites are located. 

Lygzrs mate multiple times with oviposition occumng between matings. Eggs are 

laid singly, but in clusters, however Lygzrs females do not oviposit al1 their available eggs 

in one location. Cornparison of the oviposition pattern (Chittendon and Manh 1910) and 

the reported fecundity (Gerber 1995) indicate that Lygris females oviposit a few eggs on 



an appropriate host then move to another site to continue oviposition. Therefore, 

reproductive femdes are prone to make severai, short flights or flit (Waloff and Bakker 

1963). The fact that parous females are predisposrd to fly longer thm egg-less Fernale L. 

lineolaris suggests that a reproductive female searches for oviposition sites to void 

herself of eggs and continues to move until her full complement of eggs are oviposited. 

Proposed Mode1 of Lv.qus blovement. One hypothesis for Lygzrs movement is 

that a hierarchy of basic biological events are associated with movement in Lygtrs, with 

age and sex influencing the patterns of movement (Fig. 4). The location of feeding sites 

and host plant phenologies provide the range of hosts available and movement will occur 

between these, but the age and sex of a Lygis ultimately determines the pattern and 

arnount of movement within the host range. 

In pre-reproductive adults, feeding and the location of suitable feeding sites affect 

rnovement. Feeding is limited by the availability of preferred food items (Fig. 4, Feeding 

circle) and movement continues until suitable supplies of menstematic and reproductive 

plant tissues are located. Feeding follows location o f a  suitable host. If, upon alighting 

or following feeding, the host is unsuitable, a pre-reproductive adult moves until a 

suitable host is located. Host qudity controls the amount and distance required to move 

to satisQ feeding requirements. Pre-reproductive adults are not receptive to mating until 

a precopulatory penod of roughly 7 days has eiapsed, and therefore, feeding and the 

location of feeding sites will govem rnovement until this developrnental stage ends. 

As the precopulatory period ends, the need to complete reproduction takes over as 

the main factor requinng movement by reproductives (Fig. 4. Mating and Oviposition 



Figure 4. A graphic mode1 of the biological activities associated with Lygzis movement. 
Bold. solid Iines ( - ) indicate where movement to fuifil1 feeding, mating, or 
oviposition occurs. Dotted lines ( = = i ) indicate influence of açe, and italics 
(Italics) indicate where density may affect rnovement. 





circles). The process of mating increases movement among and between hosts. The 

location of feeding sites, mates, and oviposition sites will determine movernent of a 

reproductive female. Location of feeding sites and receptive females will detexmine 

movement of a reproductive male. Aithough the location of suitable feeding sites and the 

process of feeding will diciate where reproductive adults move, mating and the location 

of oviposition sites should supersede finding suitable feeding sites and the pattern of 

movernent is altered to complete reproductive processes. 

To complete mating, individuals must Iocate suitable, receptive mates and 

copulation m u t  occur (Fig. 4, Mating circle). The location of a receptive conspecific 

involves movement. When either no conspecifics or non-receptive conspecifics are 

encountered, the insect will move to find a receptive conspecific. Pheromones may 

mediate mate location but visual communication is also important in mate location and 

copulation. Within a 10.5 cm distance. Lygzgu use visual cues to communicate (Graham 

1988). Based on laboratocy studies, the plant surface is the medium on which Lygiis male 

and female visual and tactile communication occurs. 

In order to feed and participate in mating, a reproductive female will move but 

once the female has copulated, the process of oviposition may require funher movement. 

A reproductive female oviposits into leaf petioles, terminal stem tissues. stems of fmiting 

bodies and even fmiting bodies of a host (Leigh 1976). Assuming Lygzrs have preferred 

plant structures for oviposition, rnovement b y fernales is necessary to complete 

oviposition and movement should increûse among and between hosts (Fig. 4, Oviposition 

circle). An ovipositing fernale needs to find several suitable areas of host tissues 



resulting in increased movement among and between host plants. This movement is 

limited by plant structures and surface available to oviposit epgs. Finally, because the 

female is capable of mating multiple times. producing new eggs to oviposit with each 

copulation, the movement necessary to complete oviposition as an adult female is again 

increased. 

Assuming d l  Ldvgzls species participate in multiple mating, the oviposition period 

of the female will be extended until al1 possible chorionated oocytes are oviposited or 

until she dies. The movement required to find suitable oviposition sites, interrupted by 

locating and mating necessary to supply fertilized oocytes for oviposition will increase 

(Fig. 4, Mating and Oviposition circles. dotted Iines). As a result of the process of mating 

and oviposition, a high number of short flights amonç and between host plants might be 

expected to occur which resembles Waloff and Bakker's (1 983) flight versus flit 

movement pattern. 



3, CHARACTERIZATION OF TKE DEVELOPMENT OF FEMALE LYGUS ELISUS 
(VAN DUZEE) (KETEROPTERA: PvlIRIDAE) REPRODUCTIVE SY STEM. 

3.1 ribstract 

The progression of oogenesis and the relative size of the serninal depository of 

unmated and mated fernale L. elisus from a laboratory-reared colony were observed and 

recorded using camen lucida drawings and p hotographic s lides. Three types of oocytes, 

previtellogenic, vitellogenic, and chorionated, occurred within the ovarioles. Variable 

numbers and stages of oocytes occurred in females of different açes. Previtellogenic 

oocytes were present in Cday-oid fernales, vitellogenic oocytes in 5-day-old females, and 

chorionated oocytes in 7-driy-old females. Egg developrnent occurred independently of 

mating. Mating resulted in expansion of the seminal depository. The contents of the 

seminal depository slowly diminished over time suçgesting ihat sperm and associated 

male donated fluids were being used to fertilize chorionated oocytes immediately p io r  to 

oviposition. The number of oocytes visible in dissections of unmated and mated females, 

compared to available fecundity data (Gerber 1995) suggests that L. elisus fernales mate 

multiple times either developing a series of batches of eggs between mating or, following 

a virgin mating, continues to develop eggs with later matings occumng during an 

extended oviposition period. 

Based on the above observations, açe categories were created using the size of the 



seminal depository and the number of chorionated oocytes in ovarioles. The age 

categories were then applied to L. eliszrs and L. borealis fernales collected from canola 

(Brassicn napzrs L. cv. Westar) and sainfoin (Onobrychis viciaefolia Scop. cv. Nova), to 

determine if the age categories were applicable and could be used to estimate the age of 

L-vg2r.s frorn the field. Females in the field showed the same developmental processes 

except that no females had fewer than 4 chorionated oocytes. Females without 

chorionated eggs were never mated and nearly al1 females with chorionated eggs were 

mated, implying mating occurs after females develop chorionated oocytes. 

3.2 Introduction 

Lygzrs are pests in sevenl crops (Section Two). Most research in Lygzrs describes 

feeding damage, population distributions, sampling, and control methods in various 

important crops (Boivin et al. 199 1 ; Butts and Lamb 1 WO; Chiba et al. 1978; DeBolt 

1989; Fleischer and Gaylor 1988; Godfrey and Leigh 1994; Hori 1976; Schwartz and 

Footitt 1992; Sevacherian and Stem 1972; Wise and Lamb 1998). Very few studies of 

the biology of Lygzrs exist even though this genus includes some important pests of 

economically valuable crops. Understanding Lygzrs biology broadens the understanding 

of how, when, and why these insects move into and damage crops. Detailed information 

on the reproductive biology can improve our understanding of host utilization and L y p s  

population dynamics so that control methods might be improved. 

Davis (1955) studied the morphology of mirids and also descrïbed the 

reproductive system of L. lineoluris. Oogenesis takes place in the ovxioles of the Lygus 



female (Section 2.1). Previtellogenic, vitellogenic, and chorionated oocytes are organized 

anterior to posterior, respectively, within each ovariole. A nght and lefi set of seven 

ovarioles are held in place by ligaments located at the anterior end of the ovarioles. The 

seven ovan*oles converge posteriorly to form the lateral oviduct. The right and left lateral 

oviducts empty into the genital chamber via what is referred to as the common oviduct 

(Davis 1955). The genital chamber, which also opens to the seminal depository, routes 

oocytes to the ovipositor which deposits them into plant tissue. The seminal depository 

and its function as a receptacle for sperm were described by Davis (1953). 

Strong et al. (1  970) studied the reproductive biology of L. hesperus and described 

the mating behaviours, precopulatory period, and multiple mating habit. The 

reproductive system of male and female L. hesperzis and the inflation of both the female 

seminal depository and genital pouch at mating were described. Strong et al. (1 970) also 

reponed possible pheromone mrdiated attraction of L. hesperzis males io virgin females. 

Graham (1987; 1988) reported the attraction of Lygzrs species to conspecifics, although, 

to date, no pheromone has been isolated for any Lygzrs species. 

The object of this study was to characterize the reproductive development of 

female L. elisus in relation to açe. Characteristic stages of oogenesis within the ovarioles 

and the changes in the seminal depository were described for unmated and mated colony 

reared L. cliszrs females of various ages. Characterization of the progression of ooçenesis 

and changes in the size of the sperm receptacle orçan were outlined. Finally, the 

reproductive stanis of Iaboratory-reared females with respect to age was compared with L. 

ehzu and L. borealis femdes collected kom n a h d  field populations in canola (Brassica 



napzrs L. cv. Westar) and sainfoin (Onobrychis viciaefoZia Scop. cv. Nova). 

3.3 Materials and i'vlethods 

3 . 1  Chancterization of Fernale Lygzrs eliszrs Reproductive Status 

m. A colony of L. eliws. established in 1994. was reared at 20-2 1 " C, 40- 

60% R.H., under a 16:8 (L:D) h cycle. The colony was divided into adult and egg rearing 

containers. Adults were reared in ( Iength 30.5 cm x width 30.5 cm x height 41 cm) 

plexiglass cages. Three host plants were placrd in each cage for feeding and oviposition. 

The plants were lambsquarters (Chenopodium albrtm L.) and canola (B. nnptrs L. cv. 

Westar). Plants potted in a 12.7 cm diameter pot with Comell media were introduced 

into the adult cage during the bud to early flower stages of development. In 1994, hvo 

lambsquarters plants and one canola plant were added weekly to the cage. In 1995 and 

1996, three lambsquarters plants were used per cage. The potted plants were 

supplemented with broccoli (B. olerncen L.) florets added to the caçe every 2 days. Each 

month. approximately 15 poached fifih- to seventh-instar Et~roa spp. larvae were added 

to the cage. Between 50-300 adult L. elislrs were housed in a single cage. 

Each week, the potted plants were removed from the cage and exchanged for new 

plants. The removed plants were placed individually into a white plastic egg reaing 

bucket (24.5 cm dia. x 30 cm), covered with a gauze lid, and watered as required. 

Rearing buckets were subjected to the same temperature, hurnidity, and Iipht regimen as  

the adult cages. Beginning seven days after plants were vansferred to rearing buckets, 

broccoli florets were added every second day to provide newly emerged nymphs with 



food. First instar nymphs emerged 9-14 days afier the host plants were isolated in rearing 

buckets and fifth-instars were present approximately 14-28 days after egg hatching. 

Female fifth-instar nymphs were isoloted and reared in small, white plastic 

containers ( 12 cm dia. x 7.5 cm) with screened lids ( l mm gauge). Isolated nymphs were 

provided daily with broccoli tlorets and providrd weekly with boiled Elma spp. laniae. 

The day of adult eclosion tvas recorded as day one of adult development. 

Unmated Females. Females at day one of adult development were placed with 

other females of the same development stage in an isolation container made of white 

plastic (12 cm dia. x 7.5 cm) with a screened lid (2 mm gauge). Broccoli was added daily 

!O the container and females were reared until a predetrrmined day of developrnent on 

which individual females were removed for dissection. 

LIated Females. Females were placed in an isolation container. as described 

above. with other females of the sarne development stage. Reproductively mature males 

(744 days old) were addrd to containers holding virgin. adult fernales once fernales were 

6-7 days old. Males and females remained housed together until females were removed 

for dissection. Regardless of the number of femaies in the container. twice the number of 

males were added to increase the probability that mating occurred. Mating was restncted 

to females 6-7 days old because the pre-reproductive period of L. hesperzis beçins 7 days 

afier adult eclosion (Strong et al. 1970). 

Dissections. Al1 dissections were performed on a binocular dissectinç 

microscope. A fernale specimen was transfened from an isolation container to a plastic 

petri dish (45 mm dia.), then placed for 1 hour at -5 OC. Ti~e frozen specimen was 



positioncd on a dissection dish with the ventrai side exposed at room temperature. The 

female was decapitated and then submerged in a physiological saline solution (0.9%). 

The cuticle adjacent to the anterior end of the ovipositor was separated posteriorly, 

exposinç the posterior end of the coelorn. A medial incision was made from the anterior 

end of the ovipositor to the posterior of the metathorax and the cuticle was then pinned 

laterally to expose the anterior end of the coelom. To classify the reproductive 

development of unmated and mated fernales, both the seminal depository size and egç 

development were used. The mating status of a female was characterized by the relative 

size of the seminal depository, as uninflated, intlated, partly deflated, or deflated as 

follows: 

(1 )  Uninilated - the seminal depository is an uninflated, translucent. small 

membranous sac (0- 10% of the size of an inîlated seminal depository). 

(2) Inflated - the seminal depository is an expanded, opaque, bulbous, greatly 

enlarged membranous sac. 

(3) Partly Deflated - the seminal depository is an inflated. opaque, bulbous. large 

membranous sac (50-80% of the size of an inflated serninal depository). 

(4) Deflated - the seminal deposito~ is an uninflated. translucent, flattened, large 

rnembranous sac (10-30% of the size of an inflated seminal depository). 

The stage of egg development was determined by examining the relative size of 

the ovarioles and the type of oocytes present within the ovarioles following Gerber and 

Wise (1995). Lygus elistis egg development \vas separated into three distinguishable 

categories from dissected. colony reared individuais based on the oocyte development 

observed within die transparent ovarioles and the size of the ovarioles. Females were 



characterized as containing previtellogenic, vitellogenic, or chononated oocytes. 

(1)  Non-reproductive - Right and lefi sets of ovarioles are reduced in diameter and 

length and transparent. Assumed to be either a newly eclosed or non-reproductive 

fernale. 

(2) Previtellogenic - In both the right and left sets of ovarioles, oocytes are located in 

the extreme mterior ends of the transparent ovarioles. Oocytes appear as white 

c;rsscs nthe: dis!Ix! mi!s \.hm presen! ?vi!hlr. the c?rxi~!t.s. The cixioles 

are reduced in diameter except at the anterior ends where the previtellogenic 

oocytes are housed (Fig. 5). 

(3)  Vitellogenic - Oocytes with yolk occupy the lençth of the ovarioles. These 

oocytes are white and visible individually within the ovarioles which are 

distended to contain the large sized oocytes (Fig. 6). 

(4) Chorionated - Shiny, white oocytes are located posterior to vitellogenic oocytes 

in the ovarioles and in the common lateral oviducts. Chorionated oocytes are 

white and shiny and visible individually within the distended ovarioles. 

Chorionated t m e d  caps of the oocytes are discernable through the ovarioles (Fig. 

7). 

( 5 )  Post-ovipositional - Small. white aggregations are visible in the extreme anterior 

ends of the distended, transparent ovarioles. No other oocytes are visible within 

the ovarioles. Suspected as oldest reproductively developed femole. 

Camera lucida drawings and photopnphic slides were made to accornpany 

observations made from the dissected fernales. 



Figure 5 .  Lygzcs eliszis (Van Duzee) fernale with previtellogenic oocytes within her ovarioles 
(unmated 4-d-old). 
Abbreviations: ACa, Alimentas. canal; GF, Green fat bodies; OA. Ovariole(s); 
Pr, Previtellogenic oocyte(s); SeD, Seminal depository. 





Figure 6. Lygrrs elisus (Van Duzee) fernale with vitellogenic oocytes within her ovarioles 
(unmated 5-d-old). 
Abbreviations: K a ,  Alimentary canal; GF, Green fat bodies; OA. Ovariole(s); 
SeD, Seminal depository; V, Vitellogenic oocyte(s). 





Figure 7. Lygtcs eliszrs (Van Duzee) fernale with chorionated oocytes within her ovarioles 
(unmated 7-d-oid). 
Abbreviations: Ch, Chorionated oocyte(s). GF, Green fat bodies; Pr, Previtellogenic 
ooc y te(s); SeD. Seminal deposi tory; V, Vi tellogenic ooc yte(s). 





3.3.2 Aging Field Collected FemaIes 

The age of field collected female L. elis1r.s and L. boreaiis was estimated using açe 

categories based on the reproductive s ta tu  of colony reared L. eiistîs fernales. 

Host Croos. Lygzrs were collected using a sweep-net from two crops, canola (B. 

napus L. cv. Westar) and sainfoin (O. viciaefoiin Scop. cv. Nova), located on the 

Agriculture and Agn-Food Canada Lethbridge Research Centre farm near Lethbridge, 

Alberta. Canola treated with Vitavm SingleTh' (Carbathiin applied at a rate o f 3  mL/kç) 

was seeded at 15 kgha into four stands on 1 1 May (77 m x 19.5 m), 14 June (63 m x 25 

m), 14 June (101 m x 22.5m), and 12 July (lOl rn x 27 m). Each stand of canola \vas 

surrounded by a minimum 2 m plant-free boundary. The sainfoin crop, established in 

1993, was divided into 3 stands (6.5 rn x 87 m, 6.5 m x 87 m. 6.5 x 53 m) rach of which 

was surrounded by a 5 m plant-kee boundary. 

Sweep-net Collections. The growth stage of individual canola stands \vas 

determined using the mode of 15 plants randomly sampled in a W-pattern in each stand 

(Harper and Berkenkamp 1975). Sampling commenced in canola stands nt the rosette 

stage of development (2.0) and continued until early flowering (4.0). In the earliest 

seeded stand of canols collections began on 1 1 May and were cornpleted in the Iatest 

stand of canola on 26 August, pnor to the end of early flowering at the bud stage (3.2). In 

sainfoin, sampling occurred over the sarne parts of the season as in the canola 

commencing on 14 June and cornpleting on 26 August. 

Sweep-net collections were performed in both crops using a 38 cm (dia.) net 

swept in 180" arcs through the canopy. Sweeping was performed between 1030-13:OO 



hours. A W-pattern was followed to perform 100 sweeps through a stand of canola or 

sainfoin. In addition, a mars collection was performed over the entire stand of canola or 

sainfoin. Sampling was performed every second day in the canola stands but weekly in 

the sainfoin. weather permitting. 

Sweep-net collected Lygiis were killed by iminenion in a dissecting solution of 

glacial acetic acid, formaldehyde, and chloral hydrate (Weaver and Thomas 1956) which 

also preserved specimens. L y p  adults were identified to spccies (Kelton 1983; 

Schwartz and Footia 1992). 

Acine Field Collected Lveus Fernales. The age of field collected L. elis2n and L. 

borealis females was estimated based on labontory dissections of unmated and mated 

coiony reared L. etis~rs females (Section 3.3.1). bfating status. measured by the relative 

size of the seminal depository, and number of chorionated oocytes within a female' s 

ovarioles were the two variables used to estimate fernale age. The first variable, seminai 

depository size,  vas separated into four classes of relative size wliich was based on 

hypothesized changes in the size of the semind depository that occur with mating then 

oviposition (uninflated, inflated, partly deflated, deflated) (Section 3.3.1). The second 

variable, number of chorionated oocytes. was separated into four classes based on 

dissections and observations of unmated and mated laboratory reared L. elisirr females ( O ,  

1-4, 5- 17, > 18 chorionated oocytes). Combinations of the two variables (4 classes x 4 

classes) were used to fom individual cateçories (total of 16 categories) to which 

approximate age was assigned. 

Statistics. Chi-square (x2 )  2 x 2 contingency tables were used to compare the 



proportion of L. eliszls femaies <7-days-old and 27-days-old coliected in the canola and 

sainfoin and this was repeated for L. borealis females. 

3.4 Results 

3.4.1 C haracterization of Female L-vgus eliszis Reproductive S tatus 

Rearin; difficulties affected the smp le  sizes obtained for dissection. Isolation of 

females and males resulted in high mortality. Of the over 750 femdes isolated in 3 years, 

25 unmated females and 7 mated females were obtained for dissection. 

Develooment of unmated females. Examinations of dissected, unmated females 

of varying age indicated that oogenesis does not begin until after adult eclosion (Fig. 8). 

In al1 unmated femdes examined in this study, the seminal depository was uninflated. 

Two-day-old unmated females m=2) contained previtellogenic oocytes (Fig. 9). In a 4- 

day-oid female (N=l) more of the ovarioles were occupied with previtellogenic oocytes 

( F i .  5). At 5 days old (N=l), the ovarioles contained vitellogrnic oocytes (Fig. 6) .  A 

seven day old female had chorionated oocytes within the ovarioles. In a 7-day-old 

fernale, a chorionated oocyte was visible within the lateral oviduct in the right and leR 

sets of ovarioles in what \vas assumed to be preparation for oviposition (Fig. 7). 

The number of chorionated oocytes in different aged unmated fernales varied (Fig. 

8). Adult femdes 8-16 days old (N=9) contained the highest number of chorionated 

oocytes (43.0+4.6 1, 18-66, mean~SE, range, N=9) cornpared to females 2-7 days old 

(2.7+1.86,0-14, N=7) and 39-53 days old ( l 4 . W  .85,9-19, N=4) [Fiç. 8). Females older 

than 39 days contained fewer chorionated oocytes than younger females 8-1 6 days old 



Figure 8. Mean number of vitellogenic ( [-1 ) and chorionated ( ) oocytes in 
colony reared, unmated and mated (*) Lygzis efislis (Van Duzee) fernales of varying 
ages. Numbers above individual b a n  indicate the smple size at each age. 
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Figure 9. Unmated 2-d-old Lygzrs clisiis (Van Dwee) fernale. 
Abbreviations: SeD, Seminal depository. 
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suggesting that older females, if they do not mate, absorb or dump oocytes, the latter of 

which occun in unmated L. hespencs >9 days old (Strong et al. 1970). No oviposition 

occurred on stems of broccoli florets in the cages; however. the individual florets were 

not exaniined and may have contained eggs. 

Development of mated females. The size of the seminal depository was divided 

into four relative sizes as observed in colony reared L. elivzis and field collected L. eliszrs 

and L. borealis females which were dissected. The relative sizes were distinguishable in 

dissection by the degree of inflation and the colour of the orçan whicli changed with 

copulation. receipt of male donated fluids, and use of the fluids. Stonge of male fiuids 

resulted in expansion of the seminal depository which lacks muscles (Davis 1955) and 

changes shape in a manner analogous to a balloon. 

lust afier mating, the serninal depository in L. hespenis became inflated and 

apprared as a white, smooth surfaced sac. The difference between an uninflated and 

deflated female was in the size of the translucent seminal depository. In colony reared L. 

elisio females, the seminal depository failed to retum to the smaller size represented by 

the uninflated status. InBated versus partly deflated seminai depository size was 

discemable by the difference in size of the enlarged, white organ. Thus, the progression 

of changes in the serninal depository, with mating. would logically foilow that females 

had uninflated serninal depositorîes only when they are virgins. After an initial 

copulation, the seminal depository enlarçed greatly and the normally translucent organ 

became opaque due to its contents. With time and use of the male donated tluids, the 

seminal depository becarne partly deflated but retained its white, opaque colour. The 



seminai depository continued to shrink in size and became deflated, retuming to its 

translucent appearance but never returned to the size of an uninflated seminal depository. 

Thus, the four relative sizes of the seminal depository which were used as the four classes 

to categorize field collected Lygzrs were individually distinguishable. 

Based on dissections. mating and oviposition followed a pattern that began with 

the development of mature. chorionated oocytes within the ovarioles of the female. The 

oocyte complement (Fig. 8) and seminol depository size chançed after mate pairings. In 

a mated 6-day-old female O\I=l). ovarioles contained vitellogenic and chorionated 

oocytes and the seminal depository tvas greatly enlarged and charactrrized as partly 

deflated (Fig. 10). Few vitellogenic and no chorionated oocytzs were present in 

ovarioles ofmated 9-driy-old females (N=3) relative to unmated females (N=2) (Fiç. 8). 

No chorionated oocytes were present in the media1 and postenor reçions of the ovarioles 

or common lateral oviducts (Fiç. 1 1 and Fig. 12). The ovarioles were distended and 

translucent but only the extreme anterior region of the ovarioles contained previtellogenic 

oocytes and the seminal depository was partly drflated. The egg cornplement of another 

9-day-old fernale \vas similar. althouçh, the seminol depository was drflated (Fi-. 12). 

An absence of chorionated oocytes from the mated 9-day-old females suggests that one 

mating bout is sufficient for oviposition of al1 mature oocytes frorn the ovarioles. 

Dissection of a mated 1 1 -day-old female (N=l) showed that females varied in their 

timing of oviposition as this female still contained sevenl chorionated oocytes Mthin its 

ovarioles and the seminal depository was partly deflated (Fig. 13). A matrd Il-day-old 

female (N=l) had fewer vitellogenic and chorionated oocytes in her ovarioles relative to 



Figure 1 0. bfated 6-d-old Lygzis elisus (Van Duzee) female. 
Abbreviations: SeD, Seminal depository. 





Figure 1 1 . Mated 9-d-old Lygtrs eliszrs (Van Duzee) female. 
Abbreviations: SeD, Seminai depository. 





Figure 12. Mated 9-d-old Lygns eeliszrr (Van Duzee) female. 
Abbreviations: SeD, Seminal depository. 





Figure 1 3. Mated l 0-d-old Lygur elisics (Van Duzee) fernale. 
Abbreviations: SeD, Seminal depository. 





an unmated 18-day-old female (Fig. 8). The ovarioles in the mated 18-day-old female 

were distended but the seminal depository \vas enlarged and characterized as partly 

deflated (Fig. 14). Few vitellogenic or chorionated oocytes were observed in 24-day-old 

(N=l) and 27-day-old (N=l) mated females (Fig. 8) and their seminal depositones were 

inflated. The ovarioles in the 21-day-old and 27-day-old fernales were distended but no 

oocytes were visible in the posterior regions of the ovarioles nor in the common Iateral 

oviducts (Fig. 15 and Fig. 16, respectively) in contrast to unrnated females 39,40,46, and 

53 days old which contained a total of 13, 19: 9, and 16 chorionated oocytes in their 

ovarioles, respectively (Fig. 17, Fig. 18, Fig. 19, and Fig. 20). 

3.4.3 Aging Field Collected Females 

Field collected L. eZisus and L. boreolis females categorized as 1-5 days old, 6-7 

days old, and >7 days old were present in canola and sainfoin fields (Table 2). Unmated 

females 2 7  days old , characterized by a seminal depository rating 23 and 2 18 

chorionated oocytes in their ovarioles were rarely found (Table 2). Only 0.3% of females 

with chorionated oocytes were unmated (Table 2). None of the collected females fit into 

the relative reproductive development categories 10-1 5 which was characterize as having 

54 chorionated oocytes but an inflated, partly deflated, or deflated seminal depository 

(Table 2). More younp L. elisllî and L. borealis females were present in the sainfoin than 

were present in the canola. Cornparison of the proportions of L. eliszrs females 17 days 

and >7 days oId between the canola and sainfoin indicated that high proportions of 

FemaIes in the canola were >7 days old (0.75) and low proportions were i7-days-old 



Figure 14. Mated I 8-d-O ld Lygus elisirs (Van Duzee) female. 
Abbreviations: SeD, Seminal depository. 





Figure 15. Mated 74-d-old Lygzrs eliszrs (Van Duzee) femûle. 
Abbreviations: SeD, Seminal depository. 





Figure 16. Mated 27-d-old Lygzis eiislis (Van Duzee) female. 
Abbreviations: SeD, Seminal depository. 





Figure 17. Unmated 59-d-old Lygtrs efiszrs (Van Duzee) fernale. 
Abbreviations: SeD, Serninal depository. 





Figure 18. Unmated 40-d-old Lygus eliszis (Van Duzee) fernale. 
Abbreviations: SeD, Seminal depository. 





Figure 19. Unmated 46-d-old Lygtis elisus (Van Dwee) female. 
Abbreviations: SeD, Seminal depository. 





Figure 20. Unmated 53-d-old Lygris elistis (Van Duzee) female. 
Abbreviations: SeD, Seminal depository. 





Table 2: Total number of Lygzcs elisics and L. borealis fernales in hypothesized age 
categories randomly sweep-net collected from canola (Brnssicn nnpia L. cv. Westar) 
and sainfoin (Onobrychis viciaefolili Scop. cv. Nova) stands from 14 June - 26 
August in 1995. 

Rçlativc S i x  of Nurnber of Catcgory tfypothcsizcd Crinuln Sainfoin TOTAtS 
rcpmductivç seminal chorionrircd chmctrristics age ritlcr 
dçvclopmcnl dcpository oo~ytcs c.closion 

clilrgvrics 

t, clhur 1- b~imtf ir  f t l u  1, br~*l l / i t  



(0.34), whereas, high proportions of females in the sainfoin were r 7 days old (0.76) and 

low proportions were >7 days old (0.24) (x2=2J8.j3, df=l, p<0.0 1). In L. borealis, very 

high proportions of females were >7 days old (0.90) and low proportions of females were 

27 days old (O. 1 O) in the canola whereas in the sainfoin, high proportions of fernales were 

57 days old (0.68) and low proportions of females were >7 days old (0.32) (f=907.98, 

d k l ,  px0.0 1). 

Significantly different proportions of 1 7 day old and >7 day old femde L. elisus 

and L. borealis were present in the sainfoin (xL=596.82. df i l .  p<0.0 1). High proportions 

of L. elisus were categorized as 57 day old (0.76) and relatively lower proportions were 

categorized as >7 day old (0.23) in the sainfoin. Similady, high proportions of L. 

borealis were categorized as 17 day old (0.68) while relatively low proportions were > 7 

day old (0.32). In the canola, significantly different proportions of L. cliszrs and L. 

boreaiis femdes were categorized as r or > 7-days-old (x'= 1 92.09, df= 1, pCO.0 1). Low 

proportions of L. eliszis females were categorized as r 7 days old (0.24) and relatively 

higlier proportions were categorized as > 7 days old (0.76). Similar to L. elisris, low 

proportions of L. borealis were categorized as s 7 days old (0.10) and relatively high 

proportions of were categorized as > 7 days old (0.90). High proportions of both L. eliszis 

and L. borenlis females were categorized as r 7  days old in the sainfoin while high 

proportions of both L. eliszcs and L. borealis were categorized as > 7 days old in the 

canola. 



3.5 Discussion 

3 -5.1 Characterization of Female Lygzis eiisirs Reproductive S tatus 

Lygzrs hesperzîs (Strong et al. 1970) mate multiple times. Stronç et al. (1970) 

recorded L. hesperm females mating up to three times. In this study, dissections from 

unmated Female L. elisirs revealed no more than 70 chorionated oocytes in the ovanoles 

whereas Gerber ( 1995) recorded fecundity of ovenvintered and first generation L. 

iineolnris to range behveen 250-334 nymphs per female. If L. ciisirs females contain 

approximately 70 oocytes per egg complement and experience 3 or 4 matings. L. eliszrs 

might approach the fccundity for L. iineolnris obscrved in the field (Gerber 1992). 

Mated L. eliszis females which have oviposited their first fully chorionated 

oocytes retained a previtellogenic area in the extrerne anterior reçion of the ovarioles. 

This region is the likely source of subsequent complements of mature oocytes developed 

during a recovery period. Strong et al. (1970) noted that after mating occurs in L. 

hcspcrzrs, there is a recovery penod where femnles are not receptive to males nor do they 

oviposit. It is possible that this recovery period is terminated by oogenesis in thc anterior 

reçions of the ovariolrs and subsequent production of mature oocytes which trigger 

female receptivity to mating. If L. ciisirs and L. lheoiaris fecundity is similar, 

chorionated oocytes oviposited would be replaced by subsequent development of more 

chorionated oocytes. 

Dissections ofunrnated female L. elistis revealed an important finding that eçg 

development occurred independent of and pnor to mating. The production of chorionated 

oocytes in unmated fernale L. elisirr at six days approximates the seven day 



pre-reproductive period S trong et ai. ( 1970) found in L. hesperzis. C horionated oocyte 

production is required before mating c m  occur and mating does not initiate oogenesis. 

If mating does not occur rvithin 7 days of female adult eciosion, chorionated 

oocytes continue to be produced within the ovarioles. Afier 16 days the number of 

chorionated oocytes decreased in unmated fernales due either to dumping or absorption of 

oocytes. Reduction in oocytes may result in lowering female weiçht which may make 

movement easier. As well, absorption of oocytes rnight reailocate energy to allow 

movement or to prolong life. 

3.5.2 Aging Field Collected FemaIes 

Based on laboratory dissection. it was hypothesized that 16 discrete age categories 

of Lygirs females can be identified. These were charricterized by combinations of four 

discrete stages of inflation of the seminal depository and four levels of chorionated eggs. 

The four categories of inflation of the seminal depository were based on the hypothesis 

that the seminal depository reaches the maximum size just after mating and then shrinks 

as the seminal fluid is used. Thus the seminal depository is initially uninflated and 

mmirnum inflation occurs with mating (inflated) with shrinkage occurring over time 

(partially deflated and deflated). In the laboratory, females developed chorionated 

oocytes which numbered fiom O up to >18 and these were divided into four discrete 

categones (O, 1-4,s- 1 7 and > 18 chorionated oocytes). 

Uninflated was a category of the seminal depository that applied to only the very 

young females who had never mated. These were common in the field. Most of the 



unmated females (99.1%) collected in the field had no chorionated eggs, which, fiom 

laboratory studies, made thern less than 7 days old (category 1. Table 2). Females in 

categories of non-mated with chorionated oocytes (categories 3-5. Table 2) did exist, but 

they were rare indicating that these stages are very short-lived with mating occurring very 

quickly after chorionated oocytes develop at about 6-7 days of age. 

After mating the seminal depository becomes fully inflated and a fernale carries a 

full complement of eggs before ovipositing. This category (5, Table 2) was found 

cornmonly in the field. The category following this (6, Table 2). with a partially deflated 

serninal depository plus a full complement of eggs, is lrss common but also frequently 

collected in the field. 

The first six categories discussed here are discrete and progressive indicating that 

it is possible to categorize females into six distinct açe-related classes up to the point of 

first oviposition in the field. Reproductive stages after this become much more difficult 

to differentiate. 

It is evident that fernales collected in categories 7 to 9 are older than those 

classified in stages 1-6 because they are actively ovipositing and their egg complement is 

reduced. However the change from category 7 to 9, although discrete, rnay not be related 

to increasing female age. From category 7 to category 9 the serninal depository shnnks. 

This shrinkage would be associated with increasing age if the Fernales mated only once 

but other studies indicate that multiple mating occurs in Lyg~rs (Strong et al. 1970). 

Therefore, one cannot say with certainty that these categories occur sequentially as the 

females age. 



Categories 10 to 16 are based on the hypothesis that as females age, the number of 

chononated eggs will decline to zero and eventually the femdes will age past a point 

whrre they are able to oviposit. As well. because multiple rnating occurs, older females 

in vorious categories of inflation of the serninal depository should also be found in the 

field. However, no females in any of these categones were collected in the field. This 

indicates that females do not oviposit their Full complement of eggs and categories 10-16 

are not valid for establishing the age of females collected in the field. 

3.53 Patterns of Reproduction in Field Populations 

The reduction in size of the seminal depository was not related to a decline in egg 

numbers in mated females. For example. many of the females collected hûd fewer than 

18 eggs, which indicated that they were actively ovipositing. but had a fully inflated 

seminal depository. Therefore, these fernales had taken on more sperm fluid afier many 

chorionated eggs had been oviposited. This indicates that the females were mating more 

than once during the collection period of this study. This finding agrees with laboratory 

s tudies conduc ted wi th L. hesperus where femdes were O bserved mu1 tiple mating (S tronp 

et al. 1970). 

If we assume multiple rnating occurs in L. elisils and L. botenlis, reproductive 

developrnent may be hypothesized to follow one of two patterns. (i) Initial mating occurs 

when a full complement of chorionated oocytes is developed within a fernale's ovarioles. 

The batch is then deplered and a new batch of oocytes is produced at which time mating 

reoccurs. (ii) An initial mating occurs only after a hl1 complement of chorionated 



oocytes is present within a female's ovarioles with subsequent mating occumng when 

required and chorionated oocytes are produced continuously and oviposited as they 

develop. 

In both hypotheses the initial mating does not occur until a number olchorionated 

oocytes are present (> 18 chorionated oocytes) within a female's ovarioles. blating occurs 

and the female beçins to oviposit chononated oocytes. The two hypotheses differ at the 

point when subsequent mating occurs in relation to the fernale's production of 

c horionated oocytes. 

In hypothesis (i), al1 available chononated oocytes are depleted through 

oviposition then a new complement of chorionated oocytes is produced. Mating follows 

the production of a new batch of chorionated oocytes and, once again, al1 available 

chononated oocytes are oviposited. Eventually, when the female draws to the end of her 

reproductive Iife, the available chorionated oocytes are depleted from her ovanoles and 

she dies. 

In hypothesis (ii), following the initial mating event, the female begins to oviposit 

chorionated oocytes. Oocytes are not produced in batches. As eggs are oviposited, the 

female begins to produce more chorionated oocytes, continuously maintaining 

chorionated oocytes within her ovarioles. During this time, the female is receptive to 

subsequent mating events which provide sperrn to fertilize the continuous production of 

oocytes. 

Upon exarnining the two hypotheses for Lygiis multiple mating, the absence of 

mated femdes with <5 chorîonated oocytes (categories 1 O- 16, Table 2) suggests thnt full 



complements are not oviposited by female L. eliszis or L. borealis as was suggested in 

hypothesis (i). None of the field collected L. rlisus or L. borealis ever contained less than 

j chot-ionated oocytes. Instead, according to hypothesis (ii), chorionated oocytes appear 

to be continually produced in the fernale's ovarioles once oviposition begins and female's 

do not deplete chorionated oocytes from their ovarioles. dyinç with at lest  5 chorionated 

oocytes in their ovarioles. 

To surnmarize, L. eliszrs females develop chorionated oocytes independent of 

rnating. Unmated females developed many chorionated oocytes prior to mating. The 

development of chorionated oocytes occurred very quickly. Female L. elisus Q days old 

did not contain chononated oocytes but females >7 days old contained a minimum of 18. 

Matins results in the expansion of the seminal depository and a drcrease in the 

complement of chorionated oocytes. One mating is sufficient for oviposition of al1 

chorionated oocytes in colony reared L. elislrs. However, field collected females never 

deplete chorionated oocytes within ovarioles. This snidy was not able to determine how 

long females live or how many times they mated. However, it tvas evident from field 

collections that multiple matinp tvas o c c ~ n g .  The proposed açe categories successfuIly 

differentiated females 57 days old, and sepmted these females from those that were >7 

days old. However, division into discrete age categories of females older thûn 7 days will 

require more detailed studies. 

Further information regarding the reproductive developrnent of Lygzis may be 

very useful. However. labontory rearing methods need to be improved in order to study 

fitrther multiple mating and the later stages of a Lyglis fernale's reproductive life. Female 



fecundity, mating habits, and the association behveen mating and oviposition for other 

Lygis species may be different and deserves m e r  study. 



4. REPRODUCTIVE BIOLOGY OF LYGUS ELISLIS (VAN DUZEE) AND LYGUS 
BOREALIS (KELTON) (HETEROPTERA: MIRIDAE) COLLECTED BY SWEEP- 
NET FROM CANOLA (CRUCIFEIWE: BRtlSSiCA NAPUS L. CVS. LEGEND, 
WESTAR) AND FORAGES (LEGUMINOSAE: MEDfCAGO SATIK4 L. AND 
OIVOBRYCH~S VTf /A EFOLrA SCOP. CV. NOVA). 

4.1 Abstract 

X study was conducted to determine the reproductive status of Lygzrs infesting 

canola and forage crops in southem Alberta. Sweep-net collections of L. elisus and L. 

borrnlis were performed in annually seeded canola and perennial fonge crops from days 

172 to 2 10 in 1994 and days 13 1 to 2 16 in 1995 in Lethbridge. Alberta. nie ntio of 

males to females, the female mating status. and the status of egç development for L. 

elisrrs and L. borealis were deterrnined. 

Cornparison of L. elisus and L. borenlis sex ratios during identical sampling 

periods in canola and fonge crops indicate that sex ratios varied in both species and 

between years. Sex ratios observed for L. elisrrs and L. borenlis Buctuated through the 

study period. However, for both L. elislrs and L. borenlis species. mating statu differed 

depending on the crop. High fiequencies of mated females were collected from the 

canola while high frequencies of unmated femaies were collected in the forage crops. In 

canola. many females contained vitellopenic or chorionated oocytes ready for oviposition 

while in forages few females contained oocytes in these stages over the same period. 

Most of the females of both species in the fonge contained previtellogenic oocytes not 



yet ready for oviposition. Therefore, L. elisus and L. borealis females were 

reproductively mature in canola but reproductively immature in forages. These results 

suggest that L. riiszrs and L. borealis are younger in the forage compared to those in the 

canola during identical sampling periods, that tèmales utilize canola and forage crops 

di fferently based on the completion of reproductive activities. and that both species 

exhibit a movement pattern where reproductively mature females participate in 

movement. 

4.2 Introduction 

Lygzis are polyphagous insects (Kelton 1983) which are highly dispersive as 

ridults and nymphs (Stewart and Gaylor 1994a). Every year, varying densities of a 

nurnber of Lygzrs species are present on numerous host crops (Section Tw). Lygrs feed 

preferentially on the meristematic tissues of host plants which results in damage to the 

newly forming buds. flower and seeds (Hori 1974). On some hosts, Lygzis cause 

considenble economic damage and warrant control measures which presently consist of 

chernical applications (Wise and Lamb 1998). During a growing season. a single species 

of L-vgu has been recorded on several species of plants which develop and mature at 

different times (Cleveland 1982; Fye 1980). Common species of weeds forrn a 

sequenced host series for Lypu throughout the season (Fye 1980). 

In southem Alberta, Salt (1 945) recorded three generations of Lygzrs adults in 

alfalfa (Medicago satnta L.) within a growinç season. Adults ovenvinter and emerge in 

early spring followed by an adult peak in mid-My and another adult peak in laie- 



September (Salt 1945). Lygzcs are found in canola (Brassica naptcs L.), a crop commonly 

grown in the Canadian prairie provinces. The Lygzis found in annually sown canola result 

from adult dispersal. likely after a çeneration has been cornpleted on other hosts (Leferink 

and Gerber 199?). Adult Lygtis dispersal to canola commences at the rosette canola crop 

stage with major increases in Lygrs populations occurring at the bud to Hower stages of 

canola (Butts and Lamb 199 1; Gerber and Wise 1995; Leferink and Gerber 1997). Lygrcs 

dispersal to canola is widely believed to be the result of the feeding requirements of 

adults, although it is not known why Lygis move or why they disperse to hosts like 

cano la. 

The need for mating opportunitirs and oviposition should also be considered in 

understanding Lygtis dispersal to canola. Ridgeway and Gyrisco (1960) found that the 

average sex ntio from sweep-net collections of L. lineolaris in birdsfoot trefoil (Lotzis 

corniczilatzis L.) is male biassed over the growinç season. Lygzrs lineolaris colonizing 

mustard (Brussicri j~cncra crispifoiia L.) exhibit a sex difference in fliçht patterns 

(Stewart and Gaylor 199 1). bides make more trivial flights while females m k e  directed 

and dispersive flights (Stewart and Gaylor 1991). Young adults are more inclined to 

colonize mustard than older adults, colonizing females are older than males, and 4 0% of 

these females are unmated. 

Fecundity has been exarnined for certain species of Lygîs. Gerber (1995) 

estimated fecundity of ovenvintered and first-genention adult female L. lineolaris by 

determining nymph production. Oviposition was estimated to last between 5-7 weeks for 

both adult generations rvith production of approximately 25 l*34 nymphs per female 



(range of 6-704 nymphs) (Gerber 1995). 

Oviposition preferences have been studied in caged and lsbontory Lygzis. Gerber 

( 1  997) found that L. lineolaris differentiate between two cruciferous genera of Brassica 

and Sinczpis. Lygzis lineolaris choose Sinnpis then later oviposit on Brossica (Gerber 

1997). L-vgus heolaris  oviposit preferentially on S. ofba compared to S. nrvrnsis thus a 

genus and species preference was exhibited between the plants tested (Gerber 1997). 

Stewart and Gaylor (1994b) found that L. lineofaris oviposition is higher on fieabane 

(Erigeron sirigosus Muhlenberg ex. Willdenow) compared with cotton (Gossypiirrn 

hirslrium L.). Benedict et al. (1 983) found that L. hesperzrs oviposition, estimated by egg 

count, differs between three levels of trichome density and that the leaf petiole, 

particularly the pulvinus, is the preferred oviposition site on the host plant. The highest 

total number of eggs are oviposited on cotton plants with short. dense tnchomes 

compared to plants with glabrous, trichorne-free leaves, or medium length, nomal 

density trichomed leaves (Benedict et al. 1983). 

Field studies have been conducted to examine the seasonal reproductive status of 

female Lygiis collected from various hosts. Gerber and Wise (1995) examined the egg 

developrnent of female L. lineofaris collected from strawberry (Fragnria x nnanassa 

Duchesne), and alfalfa (ibkdicago saiiva L.) fields in southem Llanitoba. They compared 

the Frequencies of fernales with previtellogenic, vitellogenic, and chorionated eggs 

contained in the ovarioles. Egg development changed throughout the season in three 

successive years where ovenvintered females had chorionated oocytes from mid-May to 

mid-lune, from mid-June to early August fint generation females had various stages of 



oocytes, then from mid-August to late September second generation females had 

chorionated oocytes. Oocyte development in these three periods each season was 

attributed to the progression of egg development in two generations of females in these 

two crops. Stewart and Gaylor (1991) used a spectrophotometer to measure light 

transmittance of hemelytra of individual adults to determine age of L. hrsperzis 

colonizing mustard (Brnssicn juncea crispifolin L .) and reported that young adults are 

more inclined to colonize a new patch of mustard than old adults. Colonizing females are 

generally older than males and the older age suggests that these females are largely 

parous. OnIy 6.6% of the females colonizing the mustard are unmated judging by the 

size of the seminal depository (Stewart and Gaylor 199 1 ). 

Lygrlr dispersal may be an adaptation for locating mates. a suitable food source, or 

in the case of females, suitable oviposition sites. This study compares L. eliszrs and L. 

buredis adults in canola and forage stands during identical sampling periods to determine 

if the sex ratios, female mating statu, and fernale egg development status is different in 

these two crops. 

4.3 Materials md Methods 

L v m s  host crops 

Canola was seeded in 1994 (Brnssica nopics L .  cv. Legend) and 1995 (B. napzrs L 

cv. Westar) into fields located on the Agriculture and Agri-Food Canada Lethbridçe 

Research Centre farm near Lethbridge, Alberta. All canola seed was treated with a 

fungicide treatment, Vitavax Singleni (Carbathiin at a rate of 3 m k g ) ,  to control 



seedling blight, and then seeded at a rate of 15 kg/ha. 

In 1994, canola (B. napiis cv. Legend) was seeded on 1 1 May and 14 June into 

two plots (37 m x 57 m) sepanted by a 2 m plant-free border. A tnangular forage field 

(base 1 JO rn x hcight 200 m x 0.5 ), located 400 rn south of the two canola stands, was 

selected for comparison collections of Lygics. The forage crop was alfdfa (ibledicago 

sciriva L.) used for silage and was more than 8 years old. 

In 1995, canola (B. naptis cv. Westar) was seeded I 1 May (77 m x 19.5 m) and 14 

June (63 m x 21 m) into nvo plots separated by a 2 m plant-free border. The cultivar 

Westar was used instead of Legend because no insecticide-free Legend could be 

purchased. A fonge field selected for comparison collections was located 60 m south of 

the canoia. The forage crop was sainfoin (Onobrychis viciciefilin Scop. cv. Nova) 

established in 1993. Sainfoin, rather than alfalfa, was used as a forage because the only 

available canola seeding area was located near the sainfoin. The sainfoin crop was 

divided into 3 stands (6.5 m x 87 m. 6.5 m x 87 m. 6.5 x 53 m) each of which was 

surrounded by a 5 m plant-free boundary. 

Lvptcs Collections 

Sweep-net collections were performed using a 38 cm (dia.) net. Sweeps were 

made in 180" arcs throuçh the crop. hitially, sweeps were concentrated on the entire 

plant but later when plants were larçer, only the top part of the canopy was stvept. 

Sweeping was performed bebveen 1 O : X l -  1 M O  hours. In most cases, 1 00-sweeps were 

taken in a W-pattern over each stand of the canola and over the forage field. The W- 



pattern  vas shifted randomly on successive sampling dates in both crops. In 1994, low 

insect numbes were obtained using the 100-sweep sampling method. Therefore, larger 

samples sizes were obtained by doing an additional sweep-net collection over the entire 

cano la stand. 

In 1994 and 1995. the growth stage of canota was calculated from 1 5 plants 

randomly sampled in a W-pattern over each stand (Harper and Berkenkamp 1975). In 

1994, sweep-net collections began in the canola when it reached the rosette çrowth stage 

(2.6) on 27 June and continued every second day. weather permitting, until the early 

seeded canola stand reaclied the late flower stage of development (4.1) on 08 July. 

Sweep-net collections began in the late seeded canola stand at the rosette stage of 

development (2.3) on 08 July and continued every second day. weather permitting, until 

the early flower stage of development (4.2) on 27 July. Sweep-net collections were made 

weekly in the forage crop lrom 29 June - 14 July. 1994. In 1995, collections began in the 

early seeded stand of the canola on (2.1) on 1 1 May and continued every second day, 

weather permitting, until the early seeded canola stand reached the lare flower stage of 

development (4.3) on 1 1 July. Collections began in the late seeded canola stand at the 

rosette stage of development (2.3) on 07 July and continued every second day, weather 

permitting, until the early flower stage of development (4.3) on 04 August. Sweep-net 

collections were made weekly in the forage crop from 15 June - 23 August, 1991. 

Lygu collected by sweep-net were killed by immersion in a dissecting solution 

of glacial acetic acid, formaldehyde, and chloral hydrate (Weaver and Thomas 1956) 

which also preserved specimens. The species of Lygzts collected were identified (Kelton 



1983) and the ratio of males to females for each species was determined. 

Lvmrs Dissections 

To determine mating status and erg development status. female dissections were 

performed on preserved specimens as described in Section 3.3.1. 

The relative size ofthe seminal depository was determined for L. clisus and L. 

borrnlis field collected females. The relative size of the sernind depository or the sperm 

receptacle organ of Lygzcs spp. (Davis 1955) was determined by assigning relative sizes to 

the observed seminal depository. Four relative sizes of the seminal depository were used 

to determine the mating status of the Lygzn females collected (Section 3.3): 

(1) Uninflated - the serninal depository is an uninflated. translucent, small 

membranous sac (0- 10% of the size of an inflated seminal depository). 

(2) Inflated - the seminal depository is an expanded. opaque, bulbous, greatly 

enlarged membranous sac. 

(3) Partly Deflated - the seminal depository is an inflated, opaque, bulboos, large 

membranous sac (5040% of the size of an inflated seminal depository). 

(4) Deflated - the seminai depository is an uninflated. translucent. flattened, large 

rnembranous sac ( 1040% of the size of an inflated seminal depository). 

In 1994, stages 1,3 and 4 were used to determine mating status. In 1995, the category, 

inflated, was added to describe the difference in size of the seminal depository thought to 

distinguish females that had mated immediately prior to collection. 

Egg development s ta tu  was based on the size, luid the development of the 

oocytes contained within the ovarioles. Lygzcs elisus and L. borealis egg development 



was sepanted into five categories: 

(1) Non-reproductive - Right and lefi sets of ovarioles are reduced and transparent. 

Assurned to be either a newly eclosed or non-reproductive fernale. 

(2) Previtellogenic - In both the right and left sets of ovarioles, oocytes are located in 

the extreme anterior ends of the transparent ovarioles. Oocytes appear as white 

masses rather than distinct units within the ovarioles. The ovarioks are reduced 

rxcept at the antenor ends where the previteilogenic oocytes are housed (Fig. 4). 

(3) Vitellogenic - Oocytes with yolk occupy the length of the ovarioles. These 

oocytes are white and individually visible within the ovarioles which are 

distended to contain the large sized oocytes (Fig. 5).  

(4) Chorionated - Shiny, white oocytes are located posterior to vitellogenic oocytes in 

the ovarioles and in the common laterd oviducts. Chorionated oocytes are white 

and shiny and are individually visible within the distended ovarioles. Chorionated 

ianned caps of the oocytes are discemable through the ovarioles (Fig. 6) .  

(5) Post-oviposition - SrnaIl. white aggregations are visible in the extreme anterior 

ends of the distended, transparent ovarioles. No other oocytes visible within the 

ovarioles. Suspected to be oldest reproductiveiy developed femaie. 

Statistics 

Collection periods corresponding to the period of time that a canola stand was at 

the modal rosette, bud, or flower crop stage (Harper and Berkenkamp 1975) were used to 

compare the Lygzis collected in the canola. These same collection periods were used to 

separate the forage data. The nul1 hypothesis was that mating status and patterns of 

reproductive development would be similar in the trvo crops at each canola growth stage. 

Sweep-net collections began and ended in the early seeded stand of canola then 

began in the late seeded stand ofcanola in 1994. Therefore. sweep-net collections 



followed chronological ordered penods from early to late seeded stands of canola in 

1994. However, in 1995, sweep-net collections were performed simultaneously for a 

short penod in both the early and late seeded stands of canola. Because the independent 

variable was canola crop stage rather than day of collection, sweep-net collections were 

grouped by the canola modal growth stage as in 1994. This resulted in some overlap in 

sweep-net collection periods between early and late seeded stands of canola in 1995 but 

the crop stage variable was maintained for comparison between years. 

Chi-square ( x ') tests (SAS Institute Inc. 1985; 1990) were used to test if both L. 

elisus and L. borealis sex ratios deviated from 1 : 1 in early and late seeded canola stands 

and one forage stand within each of the rosette, bud. and early tlower sampling periods 

for 1994 and 1995 field data. Using main effects of crop and sarnpling periods 

corresponding to canola growth stages in categorical modelling (SAS Institute Inc. 1985; 

1990), sex ratios were compared between the canola and forage crops separately for L. 

eliszrs and L. borealis. Using main effects of Lygris species and sampling periods 

corresponding to canola growth stages in categorical modelling (SAS Institute Inc. 1985; 

1990), sex ratios were compared between L. elisus and L. borenlis collections made 

separately in canola and forage crop. For the above three categorical models interactions 

were examined using a nested-bu-effect mode1 statement in categorical modeiling where 

effect was rosette. bud, or flower sampling periods. In all sex ratio comparisons, 1994 

and 1995 data were analysed independently. In 1994. sweep-net collections were 

performed in the forage at stages corresponding to only the early bud, early flower, and 

late rosette stages of canola. Therefore, to prevent impossible comparisons of unbalanced 



data sets, the 1994 categorical modelling compared between canola and forage only when 

stages were available for both crops. Comparisons of L. eliszrr and L. boreülis in the 

canola included early rosette, early bud, early flower, late rosette. late bud. and late 

flower sampling penods. Comparisons of L. elisirs and L. borcrrlis in forage included 

only emly bud, early flower. and late rosette sarnpling periods. 

The above analyses were repeated to examine female mating status. and female 

egg development frequencies. 

4.4 Results 

Results from categorical modelling cornparing L. elisus sex ratios between canoia 

and forage crops, L. borenlis sex ratios between canola and forage crops, or between L. 

eliszis and L. borealis in canola, and between L. elisirr and L. borenlis in forage crops 

invoived the c o m p ~ s o n  of sarnple sizes that varied considerably between sampling 

periods. Sample sizes forminç the row or colurnn rneans in the contingency table 

constructed by the categorical modeling varied for both species of L y g ~  compared and in 

both crops in 1994 and 1995 (Fig. 2 1,22,23). This relative difference in sample sizes 

compared affects main effects, biasing results towards the relativeiy larger sample sizes 

which form row totals used in the categorical modeling. The discrepancy between 

sample sizes compared rvas pmly due to the difficulty in sampling insects early in the 

season (e.g., rosette sampling period) but also due to the effect ofgrouping data by 

sampling periods kvhich were reiated to canola crops stage in al1 categorical modelling 

c o m p ~ s o n s .  



Figure 2 1. Proportion of Lygiis species males ( ) to fernales ( II ) collected by 
sweep-net from early and late seeded canola and a forage stand. Sweep-net collections 
were performed during sarnpling periods defined as the days elapsed when the early and 
late seeded stands of canola were at the rosette, bud. and early flower crop development 
stages in each year. A. Lygus eliszcs (Van Duzre) collecred in canola (C) and alfalfa (F) 
in 1994; B .  Lygtts eliszis (Van Duzee) collected in canola (C) and sainfoin (F) in 1995: 
C .  Lygtis borcalis (Kelton) collected in canola (C) and alfalfa (F) in 1994; D.  Lygzts 
borealis (Kelton) collected in canola (C) and sainfoin (F) in 1993. Numbers above each 
bar indicate the srimple size for each collection period. Asterisks indicate significant 
deviation from 1 : 1 sex ratio determined by Chi-square test (W0.05. df= 1). Refer to 
Table 3 for L. eliszts and Table 6 for L. borealis statistics. 
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Figure 22. Proportion of Lygzrs species females at various matina status stages, determined 
by the relative size of the seminal depsitory (uninflated I=I . deflated Y 

partly deflated . inflated ), collected by sweep-net from early and late 
seeded canola and a forage stand in 1994 and 1995. Sweep-net collections were 
performed during sampling periods defined as the days rlapsed when the mrly and late 
seeded stands of canola were at the rosette. bud. and early flower crop development 
stages in ench year. A. Lygtrs elislrs (Van Duzee) collected in canola (C) and alfalfa (F) 
in 1994; B. Lygzrs elistrs (Van Duzee) collected in canola (C) and sainfoin (F) in 1995: 
C. L y p s  borealis (Kelton) collected in canoia (C) and alfalfa (F) in 1994; D. Lvgirs 
borealis (Kelton) collected in canola (C) and sainfoin (F) in 1995. Numbers above each 
bar indicate the sample size for each collection period. 
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Figure 23. Proportion of Lygzis species fernales at various egg development stages, 
determined by oocyte stages within ovarioles (non-reproductive 7 

post-ovipositionai FI . previtellogenic nm , viteiiogenic 
or chorionated ), collected by sweep-net from early and laie seeded canoia 
and a forage stand in 1991 and 1995. Sweep-net collections were performed during 
sarnpling periods defined as the days elapsed when the rarly and late seeded stands of 
canola were at the rosette, bud. and early flower crop developrnent stages in each Far .  
A. Lygzrs rliszrs (Van Duzee) coiiected in canola (C) and al falfa (F) in 1 994; B. L y p s  
rlistis (Van Duzee) collected in canola (C) and sainfoin (F) in 1995; C. Lygtrs borealis 
(Kelton) collected in canola (C)  and alfalfa (F) in 1994: D. Lygirs borenlis (Kelton) 
collected in canola (C) and sainfoin (F) in 1995. Numbers abovr each bar indicate the 
sample size for each collection period. 
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4.4.1 Se'c Ratio Results 

Lvms elisw. In 1994, the L. elisirs sex ratio did not significantly deviate from a 

1 : 1 ratio during the rosette, bud. or fiower sampling prriods in either the early or late 

seeded stands of canola (Table 3). Similarly in forages, L. elisus sex ratios did not 

deviate significantly from a 1 : 1 ratio in 1994 except dunng the eariy-seeded bud 

sampling period when there wris a low frequency of males (Table 3) (Fiç. 2 1 A). In 

1995, significantly fewer males were present in the canoln which chanped to significantly 

more males durinç the early-seeded fiower samplinç periods (Table 3) (Fig. 21 B). 

Significantly fewer males were present in the canola in 1995 during the early-seeded bud 

sarnpling period, however, significantly more males than females were present durinç the 

early-seeded tlower and again in the late-seeded bud and tlower sampling periods (Table 

3) (Fig. 21 B). 

Com~arison of L. elbris Collected in Canola and Fonce Croos. When cornparhg 

sex ratios between the canola and forage crops for L. elisus using main effects of crop and 

sampling periods conesponding to canola growth stages in cateçorical modellinç, sample 

sizes forming the row or column mems in the contingency table varied frorn 26 to 152 in 

1994 (Fig. 21 A), 9 to 252 in euly 1995, and 40 to 70 1 in late 1995 cornparisons (Fig. 2 1 

B). 

In 1994, L. eliszrs sex ratios did not significantly differ between the canola and 

forage crops (Table 4) (Fiç. 2 1 A). There was a significant difference in sex ratios during 

the sampling periods (Table 4) (Fig. 2 I A) with increrisingly more males frorn the rarly- 

seeded bud (mean S E .  O.j&O. IO), exly-seeded flotver (0.59*0.13). to Iate-seeded 



Table 3: Cornparison' of L y p s  elisics male to femde proportions for each sampling penod 
in each crop from individuals collected by sweep-net in canola and forage crops in 1994 
and 1995. 

Canola2 Forage' Canola4 Forage5 

Rosette x ?=  1.50 
P= 0.2207 
ut= 1 

Sarnpling P= 0.5485 P= 0.0 158 P= O. 1229 PC 0.000 I 

Periods di'= I dl& I df= I df= I 

Flower % '= 0.38 x ?=  2-43 x '= 25.48 x != 15.25 
P= 0.5377 P.= 0.1 172 Pc 0.000 1 P< 0.0001 
dl'= I df= I df= I df= 1 

-- 

Rosette x '= 1.38 x ?= 3.20 x '= 35.56 x '= 2.18 
P= 0.2393 P= 0.0736 Pc 0.000 1 P= O. 1 JO0 
df= 1 dt'= l lit'= 1 df= 1 

Late-Seeded 
Sampling Bud 
Periods 

Flower x :=2.21 
P= O. 1374 
df= t 

' I x 2 Chi-square ( X  =)Test (SAS Institute Inc. 1955; 1990) testing deviarion from ri 1: 1 male:female sex raiio 
' Brassica nopus cv. Legend 

Mdicago sutiva L. 
' B. nupics cv. Westar 
' Onobrychis viciaefolia Scop. cv. Nova 



Table 4: Cornparison' of sex ratios between canola and forage crops and between sampling 
periods for both Lygris elisus and L. borenlis collected by swezp-net in 1994 and 1995. 

Intercept 278.77 <O.OOO 1 1 724.56 <o.ooo 1 1 

Sampling Periods 10.00 0.0 1 2 5.6 I 0.06 2 

Crops .u Sarnpling 5.65 0.06 2 2.42 0.50 2 
Periods 

I ntercept 357.33 <O.OOO 1 1 1 545.72 <O.OOO 1 I 

Sampling Periods 5 1.62 <O.OOO 1 - 3 29.92 <O.OOO 1 - 7 

Crops x Sarnpling 6.09 0.05 2 15.6 1 <O.OOO 1 2 
Periods 

lntercept 19 13.43 <O.OOO 1 I 3063.29 <O.OOO 1 I 

Sampling Periods 3.65 0.16 - 3 10.8 l <O.OOO 1 - 7 

Crops x Srirnpling 5.49 0.06 - 3 

Periods 

PROC CATMOD (SAS Instinite Inc. 1985; 1990) using main effects (crops and sampling period) 
Brassica naptcs cv. Legend and Medicpgo saliva L. 
' Sampling penods compared in 1994 correspond to days 180- 186. 187-1 9 1 .  and 192- 195 which avoided 

cornparisons with unbalanced data. 
' B. nupirs cv. Westar and Onobrydtis viciaefoh Scop. cv. Nova 



rosette (0.66r0.04) penods. There was no significant interaction between the crops and 

sampling periods compared (Table 4). 

In early-seeded sarnpling in 1993. significantly more males were observed in the 

canola (0.6 1*0.08) relative to forage (O.4O+O. 10) (Table 4) (Fig. 2 1 B). There was a 

significant difference in sex ratios observed between the cctnola and forage crops dunng 

the rosette and flower periods (Table 5 )  and there was a siçnificant interaction between 

crops and early samplinç periods compared (Table 4). The frequency of males decreased 

from the rosette (0.72), to bud (0.41) then increased in the flower (0.72) sampling period 

in the canola whereas the ratio of males increased throughout the correspondinç sampling 

periods in the forage 0.22 at rosene,0.35 at bud, and 0.62 at flower) (Table 4) (Fig. 21 B). 

In late-seeded sampling in 1995, there was a significant difference in L. eiiszrs sex 

ratios between the canola and forage crops in 1995 (Table 4) (Fig. 2 1 B). Higher 

kquencies of L. riiszrs males were present in the canola (0.6 1 *O.OS) than in forage 

(0.40&0.10). There was no significant difference in the sex ratios observed during late- 

seeded sampling penods and there was no significant interaction between the crops and 

sarnplinç periods compared (Table 4). 

b e r s  horealis. In 1994, L. borenlis sex ratios did not significantly deviate from a 

1 : 1 ratio in the canola except during early-seeded bud and late-seeded bud sampling 

periods (Table 6) when there were significantly more fernales than males (F ig. 2 1 C). 

Lygtls borenlis sex ratios did not deviate from a 1 : 1 ratio in forage in 1994 (Table 6 )  (Fig. 

21 C). In 1993. sex ratios fluctuated in the canola (Table 6 )  begiming with siçnificantly 

fewer males in the early-seeded rosette, and bud, then increasing in the early-seeded 



Table 5: Cornparison' of sex ratios between canola and forage crops and between sampling 
periods for both Lygzrs eliszls and L. borenlis collected by sweep-net in 1994 and 1995. 

Intercept 267.93 ~0 .000  1 1 142 I .8S <O.OOO 1 I 

(Rosette) 9.09 0.003 1 4.66 0.03 I 

(Flower) 3.80 0.05 1 4.56 0.03 1 

Sampiing Periods 48.9 1 <O.OOO 1 2 44.69 <O.OOO 1 2 

Crops x Sampling 
Periods 

Intercept 29 10.33 <O.OOO 1 I 

(Rosette) 0.3 I 0.58 1 

(Flower) 0.03 0.57 I 

Sampl ing Periods 17.39 <0.000 1 2 

Crops x Sampting 
Periods 

' PROC CATMOD (SAS Institute h c .  1985; 1990) using nested-by-effects (sampiing period) 
Brassica napris cv. Legend and Medicago sativa L. 
' B. napus cv. Westar and Onobrychîs viciaefoiiu Scop. cv. Nova 



Table 6: Comparisonl of Lygtrs borenlis male to female proportions for each sampling penod 
in each crop from individuals collected by sweep-net in canola and forage crops in 1994 
and 1995. 

Rosette 2 = 2-45 
P= O. 1 177 
d+ I 

Periods df= I dt'= I df= I df= I 

Flower x == 0.01 ~ : = o . j j  x '= 16.00 K '= 12.74 
P= 0.9343 P= 0.4579 P< 0.000 1 P= 0.0004 
df= I df-  1 df= 1 d e  1 

Rosette x ? = 2.95 x := 1.80 x '= 0.003 x '= 1.82 
P= 0.0858 P= O. 1797 P= 0.9545 P= O. 1768 
df= 1 df= I df= 1 df= 1 

Lnte-Seeded  BU^ x f = 10.33 x ' = 38.23 x == 2-83 
Simpling P= 0.00 13 P< 0.000 1 P= 0.0926 

Periods d+ I df= 1 df= I 

Flower K == 3.60 '= 1.52 x2=6.17 
P= 0.0578 P=0.2171 P= 0.0 130 
df= I df= 1 df= 1 

' I x 2 Chi-square ( X  :)Test (SAS Institute Inc. 1985; 1990) testing deviation from a 1 : I rna1r:female sex ratio 
' Brassica naprrr cv. Lepend 
' Medicago sativa L. 

B. napris cv. Westar 
' Onobrychk viciaeJoi!a Scop. cv. Nova 



flower sarnpling period (Fiç. 21 D). By the late-seeded bud sampling period, the 

frequency of males decreased in the canola (Fig. 2 1 D). High frequencies of males were 

present in forage in 1995 dunng early-seeded fiower and late-seeded flower sampling 

periods (Fig. 2 1 D). 

Cornparison of L. horedis Collected in Canola and Foraee Crops. In the 

cornparison of sex ntios between the canola and forage crops for L. borealis using main 

effects of crop and sampling periods corresponding to canola gro~vth stages in categorkal 

modelling, sample sizes foming the row or colurnn means in the contingency table 

varied from 4 1 to 15 1 in 1994 (Fig. 2 1 C). 80 to 907 in early 1995, and 237 to 12 1 1 in 

late 1995 cornparisons (Fig. 2 1 D). 

In 1994 there was no significant difference in L. borenlis sex ratios observed in 

the canola and forage crops (Table 4) ( Fig. 2 1 C). There was no siçnificant difference 

between the sex ratios dunng the sampling periods cornpared and there was no significant 

interaction between the crops and sampling periods (Table 4) (Fig. 2 1 C). 

In early-seeded sampling in 1995, L. borenlis sex ratios observed in the canola 

and forage crops were significantly different (Table 4) (Fig. 2 1 D). Male frequencies 

significantly increased behveen the early sampling periods (Table 4) (Fig. 2 1 D) from the 

rosette (0.44*0.07), bud (0.45&0.04), to flower (0.60-10.04). There was a significant 

interaction between crops and sampling penods (Table 4) (Fig. 21 D) related to a 

siçnificant difference in sex ntios between canola and forage crops at the rosette, bud, 

and flower sarnpling periods (Table 5). Male frequencies increased from 0.38 to 0.41 to 

0.64 in the canola during the rosette. bud and flower sampling periods whereas the 



frequency of males decreased slightly from the corresponding rosette (0.5 1) to the bud 

sarnpling periods (0.50) then increased slightly at the flower (0.56) period in the forage 

crop (Fig. 2 1 D). 

In late 1995. there was a significant difference in L. borealis sex ntios behveen 

the crops (Table 4) (Fig. 2 1 D) with lower frequencies of males in the canolû (0.47k0.04) 

than in fonge (0.53iO.O 1). There !vas a significant differcnce in sex ratios observed 

between the late sampling periods (Table 4) (Fig. 2 1 D) with fluctuations between the 

rosette (0.5 E0.0  l), bud (O.45+0.08), and flower (0.54k0.003) periods. There was a 

significant interaction behveen sex ratios and sampling periods (Table 4) caused by a 

significant difference in sex ratios in the canola and forage crops in the bud sampling 

period (Table 5). Frequencies of males remained relatively constant during the rosette, 

bud. and flower sampling periods in the forage ranging between 0.52 to 0.55 while in the 

canola, male Crequencies decreased from 0.50 (rosette) to 0.38 (bud) then increased to 

0.54 (flower) dunng the corresponding sampling penods (Fig. 21 D). 

Comoarison of Lvmrs soecies Collected in Canola. The sample sizes forming the 

row or column means in the contingency table varied from 24 to 337 in 1994 (Fig. 2 1 A 

& C), 25 to 697 in early 1995, and 237 to 70 1 in late 1992 cornparisons (Fig. 21 B & D) 

when comparing sex ntios benveen the L. elirirr and L. borealis collected in canola using 

main effects of Lygzrs species and sampling periods corresponding to canola growth 

stages in categorical modelling. 

In 1994, there was no difference in sex ratios between L. elisrrs and L. boreaiis 

collected in the canola (Table 7) (Fig. 21 A & C). Tliere \vas a significant difference in 



Table 7: Cornparison' of sex ratios between Lygzu eliszis and L. borealis species collected by 
sweep-net and behveen sarnpling periods in both canola and fonge crops in 1993 and 
1995. 

- 

Canola Forage 

species 3 .O7 0.08 1 0.03 0.87 1 

Sampling PeriodsJ 12.52 0.03 5 5.95 0.05 2 

species x Sampling 4.47 0.48 5 
Periods 

Incercept 68 1 .O7 <O.OOO 1 I 929.29 <O.OOO 1 1 

species 4.96 0.03 1 1.75 0.18 1 

Sampling Periods 50.26 <O.OOO 1 - 7 25.93 <O.OOO 1 - 3 

species .u Sampling 8.2 <O.OOO 1 Z 18.8 I <O.OOO 1 2 
Periods 

Intercept 

species 103.3 1 ~0.000 1 1 4.70 0.03 I 

Sampling Periods 2 1 .86 <O.OOO 1 7 3.38 O. 1s 2 

species x Samplins 6.47 0.04 7 

Periods 

PROC CATMOD (SAS lnstitute Inc. 1985; 1990) using main effects (species and sampling period) 
Brassica napm cv. Legend and Medicago sariva L. 
Sampling periods in 1994 in canola correspond to days 172- 179, 180- 186. 187- 19 1, 192- 195. 196-205 and 
206-3 1 O but in fonge, only days 180- 186, 187- 19 1, and 192- 195 were compared which avoided 
unbdanced data sers. 

B. napzis cv. Westar and Onobrychis viciaefoiiu Scop. cv. Nova 



the sex ratios between the sampling periods (Table 7) (Fig. 2 1 A & C) with a decrease in 

the frequency of males from early rosette (O.49AO. 1 3) to early bud (0.2 1 iO.03) which 

increased at late rosette (O.62+O.O 1) then decreased by late flower sarnpling penod 

(0.43=0.002). There was no significant interaction between species and sampling periods 

cornpared (Table 7). 

In 1995, there was a significant difference in sex ratios between L. efiszis 

(0.6 kO.08) and L. borealis (O.J8+0.07) individuals collected in the early canola (Table 

7) (Fiç. 2 1 B & D). Male frequencies signi ficantl y flucniated between early rosette 

(O.jji0.17), bud (0.4 110.002), and flower (0.6810.04) sampling penods (Table 7) (Fig. 

21 B & D). There was a significant interaction between species and sampling periods 

caused by a significant difference in the sex ratios during the rosette sarnpling period and 

across sampling periods compared (Table 8). At the rosette period, L. efisus male 

frequencies were significantly higher (0.72) than L. borenlis (0.38). Lygrrs eiisiis male 

frequencies then decreased from the rosette (0.72) to bud (0.4 1) but increased at flower 

(0.72) whereas L. borealis male frequencies were low at the rosette stage (0.38) and 

increased during the corresponding sampling penods (0.4 1 at bud to 0.64 at flower) (Fig. 

21 B & D, Early). 

There was a significant difference in the sex ratios between L. elisus (0.65h0.01) 

and L. borealis (0.47k0.04) in the late 1995 canola (Table 7) (Fig. 21 B & D). As in the 

early canola, male frequencies were significantly different between the sarnpling periods 

decreasing fiom the late rosette (0.58k0.05) to the bud (0.5010.12) then increasing by the 

flower (0.60*0.06) sarnpling p e r d  (Table 7) (Fiç. 21 B & D). There \vas a significant 



Table 8: Cornparison' of sex ratios behveen Lygus eliszis and L. borealis species collected by 
sweep-net and behveen sampling penods in both cmola and forage crops in 1994 and 
1995. 

Canolri Fonge 

spccits 

(Early Bud) 

(EarIy Flower) 

(Late Rosette) 

Sampling Pcriod? 

specics .u Sampling 
Psriuds 

spccies 

(Ross ttç) 

(Flowcr) 2.36 O. 12 I 3.27 0.07 I 

Srirnpling Periods 45.53 <O.OOO 1 2 44.66 <O.OOO 1 - 7 

spccies x Sampling O 
Pcriods 

Interccpt 2347.7 1 <O.OOO 1 I 

specics 

(Rosette) 17.79 <0.000 t 1 

(Flowet) 9.17 0.003 1 

Smpling Periods 24.26 <O.OOO 1 2 

species x Smpling O 
Periods 

' PROC CATMOD (SAS Institute Inc. 1985; 1990) using ncstcd-by-cffccts (smpling pcriods) 
' Brassica nupus cv. Legend and Bledicago sativa L. 
Smpling periods in 1993 in canola correspond to driys 1 72- 179. 180- 186. 187- 19 1. 192- 195, 1 96-205 and 2063 10 bur 

in aifalfa, only days 1 80- 186, 187-1 9 1. and 192- 195 w r r  comprired which rivoided unbalmccd datri secs. 
B. napus cv. Wesm and Onobrycltis viciaefolia Scop. cv. Nova 



interaction benveen Lygzrs species compared and late sampling periods caused by a 

significant difference in sex ratios between species which occurred at the late rosette, bud, 

and flower sampiing periods (Table 8). Although male frequencies followed the same 

p n e n l  pattern of decreasing at the bud sampling period relative to the rosette and flower 

periods, L. eliszrs male frequencies were significantly higher than L. borecdis at al1 three 

smpling penods (Fig. 2 1 B & D, Late). 

Cornparison of Lvmrs s~ecies Collected in Fonces. The sample sizes forming 

the row or colurnn means in the contingency table varied from 26 to 150 in 1994 (Fig. 

2 1A & C), 9 to 907 in early 1991. and 40 to 12 1 1 in late 1995 cornparisons (Fig. 2 1 B & 

D) when comparing sex ratios between the L. eliszn and L. borealis collected in forage 

crops using main effects of Lygirs species and sampling periods corresponding to canola 

growth stages in categorical modelling. 
C 

There was no significant difference in the srx ratios observed for L. e h u  and L. 

borealis in the 1994 forage (Table 7) (Fig. 2 1 A & C). However. there !vas a significant 

difference in sex ratios observed between the sampling periods (Table 7) (Fig. 21 A & C) 

with an increase in male frequencies from the early-seeded bud (0.25*0. i 1). early-seeded 

flower (0.58k0.05) to late-seeded rosette (0.6310.07). There was a significant interaction 

effect between Lygus species and sampling periods related to significant differences in 

sex ratios between L. elisirs and L. borealis at the early bud samplinp period (Table 8). 

Siçnificantly Iower frequencies of male L. elistrs (0.28) than L. borenlis (0.50) were 

present in the canola during the early bud sampling period (Table 8). Lygzcs elisus male 

frequencies increased from the early-seeded bud (0.28) to the early-seeded fiower periods 



(0.64) and increased again by the late-seeded rosette penod (0.70). Lygus borealis 

followed a similar pattern with male frequencies increasing from the early-seeded bud 

(0.50) to early-seeded flower (0.53) and slightly increasing again at the late-seeded 

rosette period (0.56) (Fig. 2 1 A & C). 

In early 1993, there was no significant difference in sex ratios between L. cliszis 

(O-JWO. IO)  and L. borealis (0.52I0.02) collected in forage (Table 7) (Fig. 21 B & D). 

There was a significant difference in sex ratios between the early sampling penods with 

male frequencies increasing from the rosette (0.53k0.01). bud (0.56*0.03), to flower 

(0.6410.09) sampling period (Table 7) (Fig. 2 1 B & D). There was a significant 

interaction between species and sampling periods caused by significant differences in sex 

ratios between L. clisiis and L. borealis at the rosette and bud sampling periods (Table 8). 

Lygm borealis male frequencies were significantly higher than L. eliszrs in the forage 

during al1 three early sampling periods (Table 8). Low frequencies of L. e/iszis males 

wrre present during the rosette smpling period (0.22) but increased at the bud (0.35) and 

flower sampling penods (0.62). In contrast, relatively higher male frequencies of L. 

borenlis were present at the rosette stage (0.5 1 ) which decreased at the bud stase (0.50) 

but increased again at the flower sampling period (0.56) (Fig. 2 1 B & D, Early). 

In laie 1995, there was a significant difference in sex ratios between L. elisiis 

(0.38i0.04) and L. borealir (0.4710.006) collected in forage (Table 7) ( Fig. 2 1 B and 

D). There was no significant difference in sex ratios between the late sampling penods 

and there was no significant interaction benveen species and sampling periods (Table 7) 

(Fig. 21 B & D). 



4.4.2 Female Mating Status Results 

Corn~arison of L. elisus Collected in Canola and Forage Cro~s .  When comparing 

mating status frequencies between the canola and forage crops for L. elisiu using main 

effects of crop and sampling periods corresponding to canola growth stages in categoncal 

modelling, sample sizes forming the row or column means in the contingency table 

varied from 3 to 97 in 1994 (Fig. 21 A). 9 to 95 in early 1995, and 14 to 232 in late 1995 

cornparisons (Fig. 22 B). 

In 1994 and 1995, there was a significant difference between L. elkirs in canola 

and forage (Table 9) where high fiequencies of females had partly deflated seminal 

depositories in the canola and high frequencies of females had uninflated seminal 

depositories in the forage (Table 10) (Fig. 22 A & B). The frequencies of mated (females 

with inflated, partly deflated, or deflated seminal depositories) and unrnated females 

(uninflated seminal depositories) accentuated the difference between crops where high 

nurnbers of L. elistrs females were mated in the canola and low numbers were mated in 

the forage (Table 10). There wûs a significant difference in L. elisus rnating status 

frequencies during the sampling periods in 1994, early-seeded 1995, and late-seeded 

1995 (Table 9). Lygtis elisus mating status frequencies changed over the sampling 

periods compared in both 1994 and 1995, and in the early and late sampling periods in 

1995, although no consistent pattern could be discemed (Table 10) (Fig. 22 A Br B). In 

1994, high fiequencies of females were unrnated at the rosette sampling periods but by 

bud and flower sampling periods, higher frequencies of females h d  partly deflated 

seminal depositories (Table 10) (Fig. 22 A). This was not observed in 1995 and instead. 



Table 9: Cornparison' of fernale mating status ratios between canola and forage crops and 
between sarnpling penods for both Lygzcs elisirs and L. buredis collected by sweep-net in 
1 994 and 1995. 

Lygus elisus Lygus boreal is 

x = P d f X ?  P d f 

intercept 36 i -52 <O.ÜÙ0 1 7 232.35 <0.000 1 - 7 

Crops' 176.49 <O.OOO 1 2 23 1 2 0  <O.OOO 1 2 

Sampling Periods' 15.41 0.05 8 6.08 0.4 1 6 

Crops x SampIing 73.3 8 0.003 S 12.82 0-05 6 
Periods 

1995 Earty 

lntercept 859.24 ~0,000 1 j 1555.65 <0.0001 3 

Cro ps" 159.09 <O.OOO 1 j 177.45 <O.OOO 1 3 

Sampling Periods 18.00 0.0 1 6 1 19.38 <O.OOO 1 6 

Crops x Sampiing 17.67 0.0 1 6 293.8 1 <O.OOO 1 6 
Periods 

Intercept 29 14.08 <O.OOO 1 3 3204.72 <O.OOO 1 3 

Crops" 84.96 <0.000 1 3 675.8 1 <O.OOO 1 3 

Sampling Periods 117.17 <O.OOO 1 6 39.54 <O.OOO 1 6 

Crops x Sampling 27.85 <O.OOO 1 6 85.23 <O.OOO 1 6 
Periods 

' PROC CATMOD (SAS Institute tnc. 1985; 1990) using main effecls (crops and sampling period) 
Brassica napus cv. Legend and Medicago sariva L. 
Sampling periods compared in 1994 for L. elisur correspond to days 172- 179, 180- 186, 187- 19 1 ,  192-1 95, 

and 196-205 and for t. boreaiis, correspond to days 172- 179, 180- 1 56, 187- 19 1 ,  and 192- 195 which 
avoided cornparisons with unbalanced data. 

B. napus cv. Westar and 0nobrychi.r viciaefolia Scop. cv. Nova 



Table 10: Mean (&SE) fernale mating status fiequencies for both L y p  elislrs and L. boreuiis sweep-net 
coliected in canota and forage crops duting the early-seeded rosette, bud, flower and late-seeded rosette, 
bud, and flower sampling periods in 1994 and 1995. 

1994 1995 

Partly Deiïated Uninflsted Infinted Partly Dcfia ted Uninflated 
Deflnted Defla ted 

SampIing Periods * 

172- 179 0.47'0.33 0.07+0.03 

180-186 0.47rO.24 0.130.07 

187-191 O.Sk0.39 O.II*O.OI 

192-195 0.4liO.10 0.0410.04 

196-205 0.6%0.16 0.08&0.03 

206-2 10 

Crops * Early * Late * 

Sampling Periods Early * t a t c  * 

* IndiCates a signitiwnt cornparison fmm Table 9. 



mating status frequencies varied between high numbers of females with partly deflated or 

uninflated seminal depositories (Table 10) (Fig. 22 B). There was a significant 

interaction between crops and sampling periods (Tables 9 & 1 1). In çeneral, high 

numben of L elisus Females in the canola were participating in mating activity across 

sampling periods compared to fernales in the forage. as indicated by the varying but 

relatively high Frequencies of females with deflated, partly deflated, or inflated seminal 

depository (Fig. 22 A & B). 

Comoarison of L. borealis Collected in Canola and Forace Croos. In the 

cornparison of rnating status frequencies between the canola and forage crops for L. 

borealis using main effects of crop and sampling periods corresponding to canola growth 

stages in categorical modelling, sample sizes forming the row or colurnn means in the 

contingency table varied from 7 to 90 in 1994 (Fig. 22 C), 52 to 282 in early 1995, and 

105 to 288 in late 1993 cornparisons (Fig. 22 D). 

Lygzrs borealis mating status frequencies were significantly different between 

individuals collected in the canola and the forage in 1994, early-seeded 1995, and late- 

seeded 1995 (Table 9) (Fig. 22 C & D). In the canola, high nurnbers of female L. 

borealis in the canola had partly deflated seminal depositories whereas high numbers of 

Females in the forage were unmated (Table 10) (Fiç. 22 C & D). More female L. borcnlis 

were mated (females with inflated, partly deflated, or deflated seminal depositories) in the 

canola than in the forage (Table 10) (Fiç. 22 C & D). There was no significant difference 

in mating kequencies between sarnpling periods in 1994, however there \vas a significant 

difference in early and late 1995 (Table 9) (Fig. 22 C & D). In rnost of the sampling 



Table 11: Cornparison' of femaie mating status ratios between cmola and forage crops and 
behveen sampling periods for both Lygzis elisus and L. borealis collected by  sweep-net in 
1994 and 1995. 

L y g w  eiiszis Lygus boreaiis 

X :  P d f x ' P d f 

1994 

lntcrccpt 

Crops2 

(Eruly Roscttc) 

(Erirly Bud) 

(Euly Flower) 

( L m  Roscttc) 

(Late Bud) 

Sampling Psriods ' 
Crops x Srimpling Psriods 

1995 Early 

Intcrccpt 

crops4 

(Roscttc) 

( B u 4  

(Flowcr) 

Sampling Periods 

Crops x Sampling Pcriods 

Interccpt 2090.64 <O.OOO 1 3 3309.54 <O.OOO 1 3 

(Rosette) 78.24 (0.000 1 3 240.70 <O.OOO f 3 

( Flower) 5.45 0.14 3 J 1 7.86 <0.0001 3 

Samp h g  Periods 85.33 e0.000 1 6 83.48 <O.OOO 1 6 

O O 

' PROC CATMOD (SAS Institute Inc. 1985; 1990) using ncsted-by-cffccts (smpling period) 
: B r m i c a  napus cv. Lrgcnd ;inci .Cfctdicago sativa L, 
' Sampling pcriods cornparcd in 1994 for L el& correspond ta days 1 7 1 - 1  79, 180-1 86. 187-19 1 .  I92-l93, and 196-205 and for L 

borealtt, camrspond ta days 172-1 79. 180-186, t 87-19 1, and 1 9 -  t 95 which woidcd cornpuisons with unbalmccd data. 
' B. napus cv. \Vesta and 0nobr)rhi.t viciaefolia Scop. cv. Nova 



periods in 1994. high frequencies of L. borealis had seminal depositories which were 

partly deflated, while less had uninflated. and even lower frequencies had deflated 

seminal depositories (Table 10) (Fig. 23 C). In 1995. matinç status frequencies varied in 

no consistent pattern between high frequencies of fernales with panly drflated, 

uninflated. and inflated seminal depositories (Table IO) (Fig. 22 D). There was a 

significant interaction between crops and sarnplinç periods (Tables 9 & 1 1). Similar to L. 

elisus, high numbers of L. boreolis females in the canola were participating in mating 

activity across sampling penods compared to fernales in the forage. as indicated by the 

varying but relatively high frequencies of females with deflated, panly deflated, or 

intlated seminal depository (Fig. 22 C & D). 

Cornparison of L v m s  species in canola. The sample sizes forminç the row or 

column mrans in the contingency table varied from 3 to 98 in 1994 (Fig. 22 A & C), 9 to 

782 in early i 995. and 102 to 285 in laie 1995 (Fig. 22 B & D) when cornparhg matinç 

status frequencies benveen the L. elistrs and L. bareolis collected in canola using main 

effects of Lygzis species and sampling periods corresponding to crinola growth stages in 

categorical modelling. 

There was a significant difference in mating frequrncies between L. elisus and L. 

borenlis females collected in the canola in 1994, early 1995 and late 1995 (Table 12) 

(Fig. 22). Although high frequencies of females of both species had partly deflated 

seminal depositories. varying frequencies of female L. elislrs and L. boreolis had inflated. 

drflated, or unidated seminal depositories (Table 13) (Fig. 22). There ivas a significant 

difference in female mating status frequencies behveen samplinç periods in the canola in 



Table 12: Cornparison' of female mating status ratios between Lygzis eZisrrs and L. borealis 
species collected by sweep-net and between sampling periods in both canola and forage 
crops in 1994 and 1995. 

.- 

Canola Forase 

inrercept 40.62 <U.OOU 1 7 854.66 <O.OOO 1 7 

species 12.53 0.002 - 7 0.30 0.86 2 

Sampling Periods3 19.26 O .  04 10 9.68 O. 14 6 

species x Sampling 13.75 0.18 10 16.94 0.0 1 6 
Periods 

Intercept 793.79 <O.OOO 1 3 2792.50 <O.OOO 1 3 

species 43.75 <O.OOO 1 3 70.76 <O.OOO 1 3 

Sstmpling Periods 36.84 <O.OOO 1 6 387.95 <O.OOO 1 6 

species i( Sampling 8.3 L 0.22 6 15.75 0.02 6 
Periods 

species 38.0 1 <O.OOO 1 3 1.96 0.58 3 

Sstmpling Periods 184.35 <O.OOO 1 6 33.77 <O.OOO 1 6 

species x Sampling 23.62 ~0.000 t 6 28.08 <O.OOO 1 G 
Periods 

' PROC CATMOD (SAS lnstitute Inc. 1985; 1990) using main effects (species and sampling period) 
' Brussieu napiu cv. Legend and Ib/edicago sativa t . 
' Sampling periods compared in 1994 correspond to days 172- 179, 150- 186. 187- 19 I ,  1'32- 195, 196-205, and 

206-3 10 in the canola and 173- 179, 150- 156, 187- 19 I , and 192- L95 in the forage which avoided 
cornparisons with unbalanced data. 

B. nupw cv. Wrstnr and Unobtychis viciaefolia Scop. cv. Nova 



Table 13: Mean (SE) female mating statu frequencies for Lygzrs elisus and L. boreaiis sweep-net 
collected in both canola and forage crops during the early-seeded rosette, bud, flower and late- 
seeded rosette, bud. and flower sompli& periods in 199J and 1995. 

Partly Deflated Uninilnted 
Deflated 

Infiated Partly Deflated Uninfiated 
Deflated 

S:impling Pcriods 

n I = L , \  n-r 
Y. .  - - " - Y i  

0.05iO.03 

i].20--0.01 

0.05k0.07 

i).OJiO.O3 

0.25rO.3 

0.02k0.02 

O.O1sO.O1 

Early * Lnte * 

C,hrlj !!. ::'S.VS 2.S:-S. :C Y. ;ûrû.û j 6.  i)=tj.YG 

Late 0.24:0.07 0.6kO. 13 O.OthO.0 I O. 1 110.05 

Earfy O-j3=0.09 0.6kO. I O  0.0olO.ûû 0.0 110.Ol 

Late 0.36î0.09 0.57=0. 1 1 0.04*O.O l 0.0310.01 

Enrly * Late + 

13 1-171 0.38~0.02 ù.73k0.02 0.00*0.00 0.0Ck0.00 

172-185 0. [%O. 10 0.68=0.02 O.OSk0.04 0.09+0.0S 

156-192 0.39t0.20 0.3610.03 0.1 1k0.1 1 0.1J~0.11 

188-196 O.J9=O. I O  0.3O&O.O 1 0.07'0.02 O. I JîO.03 

197-208 O.IOr0.10 0.71=0.07 0.0510.01 0.06I0.04 

209-216 0.230.01 0.75k0.01 0.0310.02 0.02k0.01 

Fo mge 

Lygtis species 

S;impling Pcriods 

172-173 0. f eO.03 0. I St0.15 

180- 186 O. IS~0 .W 0.20=0.09 

187-19 1 0. I6*O.Oj O. LOI-0.00 

192- 195 0.3 1 i0.00 0.OJAl.W 

196-205 

Enrly* Lntc 

0.6Yi0.07 &;irly 0.0 l d . 0 1  0.13+0. 14 0.03r0.02 

Latc O. l0*0.01 O.Jk0.l 1 0.0410.0 I 

0.65t0.06 Early 0.2OzkO. Il 0.7k0.02 0.0L0.0 1 

Latc O. IJ10.05 0.71k0.03 0.0310.0 1 

Ewly * Late * 

0.MzO.I S 13 1-1 7 1 0.30&0.30 0.43iO. I J O.Ok0.00 

0.630.14 172-1g5 0.0%0.09 0.1 1k0.09 0.0210.01 

0.7510.0j 186-192 0.07k0.03 0.17I0.08 0.07a.02 

206-2 10 209-2 16 O.Ofio.0 1 0.4OI-0.24 0.0510.03 0.4%0.17 

Indicates a significant cornparison fiom Table 12. 



1994, early 1995, and late 1995 (Table 13) (Fig. 22). In the canola in 1994. high 

frequencies of females had partly deflated seminal depositories for rnost of the sampling 

periods. however. varying frequencies of females had deflated or uninfiated seminal 

depositories and the highest frequencies of unmated females occurred during the rosette 

sampling periods (Table 13) (Fig. 72 A & C). In 1995. high frequencies of females had 

either partly deflated or inflated srminal depositories while other mating status 

frequencies varied between sampling periods exarnined in the canola (Table 13) (Fig. 22 

B & D). There was no significmt interaction between Lygzrs species and samplinç 

periods compared in 1994 or early 1995 in the canola (Table 12). In late 1 995. there \vas 

a significant interaction between species and sampling prriods (Table 12). Relatively 

higher numbers of L. borealis than L. rlisirs were participating in mating activity in the 

canola across sampling periods cornparcd while lower but varying numbers of females 

had deflated, partly deflated or inflated seminal depositories (Fig. 27 B & D) (Table 14). 

Cornoanson of Lvmi-r species in forme. The sample sizes forming the row or 

column rneans in the contingency table varied from 13 to 33 in 1994 (Fiç. 22A & C), 9 to 

15 1 in early 1995, and 14 to 159 in late 1995 (Fig. 22 B 81 D) when compsinç rnating 

status frequencies between the L. rlislrs and L. borealis collected in forage crops using 

main effects of L y g ~  species and sampling penods corresponding to canola growth 

stages in categorical modelling. 

There was no significant difference between L. eliszrs and L. borralis fernale 

mating frequencies in the 1994 and early 1 991 forage (Table 12) (Fig. 22). In both Lygzrs 

species, high frequencies of females were unmated and iower. decreasing frequencies of 



Table 14: Cornparison' of female mating status ratios between L y p s  eliszis and L. borealis 
species collected by sweep-net and between sampling periods in both canola and forage 
crops in 1994 and 1995. 

Canolri Fongr 

K I  P d f X ?  P di' 

Intcrccpt 

specics 

f Early Rnscitc\ 

(Ertrly Bud) 

( Early FIowr) 

(Latc Rosette) 

Srimpling PcriodsJ 

spcciss x Samplinç Periods 
- -  

1995 Early' 

Intcrccpt 

species 

(Rosette) 

(Bud) 

( Ffowcr) 

Srimpling Periods 

speciss s SarnpIing Periods 

Intcrccpt 

(Rosette) 1 7 . 3  0.0006 3 2.f 1 0.55 3 

Smpling Periods 137.77 <O.OOO 1 6 3 1.60 ~0.000 1 6 

' PROC CATMOD (SAS Institutc Inc. 1985; 1990) using ncstcd-by-cllkcrs (sampling pcrïod) 
' Brasica napus cv. Lrgcnd and .\ledieaga suriva L. 
' Smpling pcriods cornpanrd in f 994 compond to Jays 172- 179. 180-1 86. 137-1 9 1. t 92-1 95. 196-105. m J  206-2 1 O in the unola md 

172-179. 1 SO- t 86, 187-1 9 1. and 192-195 in thc forage which irvoidcd cornparisons with tinbrilmccd dm.  
B. nupru cv. Wcstar and 0nobr)chi.r viciat?/oliu Scop. cv. Nova 



females had partly deflated then deflated seminal depositories in 1994 (Table 13) (Fig. 22 

A & C). In early 1995 in the forage, L. elisus and L. borealis frequencies of uninflated 

females were most frequent and lower, decreasing frequencies of partly deflated, inflated, 

and deflated females. respectively, were çenerally observed (Table 13) (Fig. 22 B & D). 

In late 1995, even thouçh high frequencies of fernale L. disus and L. borealis were 

unmated. hiçher frequencies of L. borenlis were unmated than L. elisus and lower 

frequencies of L. borenlis had partly deflated seminal depositories compared to L. elisirs 

collected in the forage (Table 13) (Fig. 22 B & D). There was no significant difference in 

mating status frequencies between sampling periods cornpûred in 1994 but there was a 

significant difference in both the early 1995 and late 1995 sampling penods in the forage 

(Table 12). In 1994, high numbers of females in the forage had uninflated seminal 

depositories and low nurnben of females had partly detlated and deflated seminal 

depositones (Table 13) (Fig. 22 A). In early 1995. high frequencies of females had partly 

deflated seminal depositories in the forage at the rosette sampling period and by the bud 

and florver sampling periods, high frequencies of females had uninflated seminal 

depositories (Table 13) (Fig. 22 B & D). In addition, varying frequencies of fernales with 

inflated seminal depositories were observed (Table 13) (Fig. 22 B & D). In the forage in 

late 1993, high frequencies of females consistently had uninflated seminal depositories in 

the rosette, bud, and flower sarnpling periods, however, frequencies of femnles with 

inflated, and partly deflated seminal depositories fluctuated between sampling periods 

(Table 13) (Fig. 22 B & D). There was a significant interaction between Lygus species 

and sampling penods in 1994, early 1995. and Iate 1995 (Tables 12 & 14). With one 



exception in the early sampling period, generally low numbers of Lygzus females were 

participating in mating activity, as indicated by an uninflated serninal depository (Fig. 

22). In 1994, siçnificantly higher nurnbers of L. chus were categorized as reproductively 

immature because they had uninflated seminal depositories cornpared to L. borealis. 

However varying frequencies of Cemales in both species had deflated, or panly deflated 

seminal depositories across the sampling periods cornpared (Fig. 22 A & C). Similarly, 

in early sampling penods compared in 1995, high frequencies of female L. elisris were 

immature, indicated by the presence of an uninflated seminal depository, compared to L. 

borealis but similarly varying frequencies of females of both species had deflated, partly 

deflated, or inflated seminal depositories. In the late smpling periods cornpared in 1995, 

a greater number of L. borenlis females than L. elisrus were immature in the forage (Fig. 

22 B & D, Laie). However. varying numbers of females in both species had deflated, 

partly deflated, or intlated seminai depositories across the periods compared. 

44.3 Femaie Egg Development Status 

Females chmcterized as non-reproductive were observed in field collections in 

1994 but none were collected in 1995. 

Comoarison of L. eliszus Collected in Canola and Forage Croos. When comparing 

egg developrnent frequencies between the canola and forage crops for L. elisris using 

main effects of crop and sampling periods corresponding to canola growth stages in 

cateçorical modelhg, sample sizes forming the row or column means in the contingency 

table varied from 5 to 100 in 1994 (Fig. 23 A), 8 to 69 in early 1993, and 14 to 229 in iate 



1995 cornparisons (Fig. 23 B). 

There was a consistent, significant difference in L. eliszrs eg; development 

frequencies behveen canola and forage crops in 1994, early 1995. and late 1995 (Table 

15) (Fig. 23 A & B). In the canola, high frequencies of L. cliszrs contained chorionated 

oocytes and higher frequencies O l L. eliszrs had chorionated oocytes in the canola than in 

the forage (Table 16) (Fig. 23 A & B). In the 1994 forage. fernales characterized as 

vitellogenic, previtellogenic, post-ovipositional, and non-reproductive were present 

(Table 16) (Fig. 23 A). In 1995, higher frequencies ofL. elisus had chononated oocytes 

in their ovarioles in the cano!a whereas in the forage, high frequencies of females were 

characterized as previtellogenic in early 1995, while equal frequencies of chorionated and 

previtellogenic females were present in the late 1995 forage (Table 16) (Fig. 23 B). 

There was a significant difference in L. elistrs egg drvelopment frequencies between 

sarnpling penods (Table 15). Within each sampling period in 1994, the highest 

frequencies were genenlly For femaies with chorionated oocytes (Table 16) (Fig. 23 A). 

Lower frequencies of non-reproductive. previtellogenic, vitellogenic. or post- 

ovipositional females were observed in different sampling periods but varied in no 

specific pattern between sarnpling periods (Table 16) (Fig. 23 A). In early 1995, 

differences between the frequencies of chorionated and previtellogenic female L. eliszis 

contributed to significant differences between sampling periods. Hiçh nurnben of 

Fernales contained chorionated oocytes at the rosette sampling period but high frequencies 

of previtellogenic fernales rvere present in the bud and florver sampling periods (Table 

16) (Fig. 23 B). Within individud sampling periods in late 1993. the highest frequencies 



Table 15: Cornparison' of fernale egg development stages between canola and forage crops 
and behveen sampling periods for both Lygtrs eliszrs and L. borealis collected by sweep- 
net in 1994 and 1995. 

Lygus elis us Lygus borealis 

X :  P d f x = P d f 

Sam pling Periods' 42.32 0.000 4 16 6.13 0.9 1 12 

Crops x Sampling 6 1.63 <O.OOO 1 16 8.26 0.76 i 2 
Periods 

Intercept 1489.07 <O.OOO 1 3 4455 1.30 <O.OOO 1 3 

Srimpling Periods 22.35 <O.OOO 1 6 14.5 1 <O.OOO 1 6 

Crops x Sarnpling 12.50 0.05 6 7 1 -43 <0.000 1 6 
Periods 

In tercept 25273.94 <O.OOO 1 3 1282 17.14 <O.OOO 1 3 

Crops' 57.57 <O.OOO 1 3 66 1.55 <O.OOO 1 3 

Sampling Periods 49.66 <O.OOO 1 6 9.79 0.14 6 

Crops x Sampling 4.59 0.60 6 29.04 <O.OOO I 6 
Periods 

' PROC CATMOD (SAS lnstitute Inc. 1985: 1990) using main effects (crops and sampling period) 
' Brnssica naptu cv. Legend and hfedicago sariva L. 

Sampling periods compared in 1994 for L. efisus correspond to days 172- 179, 180- 186, 187- 19 1, 192- 195, 
and 196-205 and for L. borealis, correspond to days 172- 179, t 80- 186, 187- 19 1, and 192- 195 which 
avoided cornparisons with unbalanced dota. 

' B. napus cv. Westar and Onobrychis vicîaefulia Scop. cv. Nuva 





observed were for females with chononated oocytes with lower frequencies of females 

containing previtellogenic oocytes (Table 16) (Fig. 23 B). With little variation occurring 

between sampling penods for vitellogenic and post-ovipositional females, the significant 

di fferences li kely were caused by changes in frequencies of chorionated and 

previtellogenic females between sarnplinç periods compared in 1993 (Table 16) (Fig. 23 

B). There was a significant interaction between canola and forage crops and sampling 

periods in 1994 and early 1995 but no significant interaction occurred in late 1995 (Table 

15). In 1994, the significant interaction was related to hiçh but varying frequencies of 

chorionated females in the canola compared to varying frequencies of vitellogenic, post- 

ovipositional or non-reproductive females in the forage across sampling periods 

compared (Fig. 23 A) (Table 17). In early 1995, the significant interaction was related to 

a greater nurnber of chorionated females in the canola than in the forage where vwing  

frequencies of predominantly previtellogenic fernales but also vitellogenic and 

chorionated females were present across sampling pcriods compared (Fig. 23B) (Table 

17). 

Cornparison of L. horrnlis Collected in Canola and Forage C r o ~ s .  In the 

cornparison of egg development frequencies between the canola and forage crops for L. 

borealis using main effects of crop and sampling periods corresponding to canola growth 

stages in categoricai modelling, sample sizes fonninç the row or column means in the 

contingency table varied from 9 to 9 1 in 1994 (Fig. 23 C), 53 to 282 in early 1995, and 

IO5 to 283 in late 1993 cornparisons (Fig. 23 D). 

There was a significant difference in L. borealis egg development frequencies 



110 
Table 17: Coinparison' of female egg deveiopment stages benveen canola and forage crops and behveen 

sampling periods for both Lygus elisw and L. boreafis collected by sweep-net in 1994 and 1995. 

Lygw elirus Lygw borealis 

x ' P d f X '  P d f 

(Erirly Flowcr) 

(Late Rosette) 

Smpling Pwiods' 

Crops x Sampling 
Periods 

1995 Earfy 

Intrrcrpt 

Crops4 

(Flowcr) 15.41 0.002 3 133.70 <O.OOO 1 3 

Srunplhg Periods 12.49 0.05 6 65.15 <O.OOO 1 6 

Crops i~t Smpling O 
Pcriods 

[ntercept 1 13536.44 ~0.000 1 3 

Crops' 

(Flower) 4 1 7-95 ~0.000 t 3 

Sampling Pcriods 21.05 0.000 1 6 

Crops x Sampliiig O 

: Brwica napus cv. Lcgnd md dlrdicogo sativa L. 
' Smpling pcriods cornparcd in 1994 for L elisus correspond to days 12-1 79. 180-1 86. 157-191. 191-195, and 196-205 md t'or L 

bomafis. correspond to days 172-1 79. 180-186. 1 $7-1 91. and 192-195 which woidcd con1parÏsons with unbalwccd data. 
B. trapus cv. \Vestar and Onobrychis vtciaefoiia Scop. W. Nova 



between canola and forage crops in 1994, early 1993, and late 1995 (Table 15) (Fig. 23 B 

& D). High fiequencies of female L. borealis had chorionated oocytes in both yean and 

higher frequencies of females with chorionated oocytes were observed in the canola 

compared to the forage (Table 1 8) (Fig. 23 B & D). In 1 994, high frequencies of post- 

ovipositional fernale L. borraiis were present in the fonge. followed by vitellogenic 

femalrs whereas in the canola the majority of' female L. borenlis contained chorionated 

oocytes (Table I 8) (Fig. 23 B). In early 1995, the highest frequencies of L. borcalis 

females had chorionated oocytes in both canola and forage however, in the forage, 

approxirnately half the frequency of fernales with chorionated oocytes were present and 

relatively high frequencies of females were chmcterized as previtellogenic (Table 18) 

(Fig. 25 D). In late 1995, the highest frequencies of female L. borealis in both crops were 

chorionated in the canola and previtellogenic in the forage, although, frequencies of 

femdes with chorionated oocytes were relatively high in fonge (Table 18) (Fig. 23 D). 

There was no significant difference in egg development frequencies between sampling 

periods in 1994 and late 1995, however, there was a siçnificant difference between 

sampling periods in early 1995 (Table 17). The absence of significant differences 

between sampling penods is related to stable patterns behveen sampling periods in eçg 

development where high frequencies of femdes were chmcterized in 1994 as 

chorionated, followed by lower, decreasing frequencies of post-ovipositional, 

vitellogenic, previtellogenic, and non-reproductive, respectively (Table 18) (Fig. 23 B). 

In late 1995, the pattern consisted mainly of high frequencies of female L. boreulis 

characterized as chorionated, followed by lower frequencies of females which were 





previtellogenic (Table 18) (Fig. 23 D). There was no significant interaction between 

canola and forage crops and sarnpling periods in 1994 (Table 15). However, in both early 

and late 1993. there was a significant interaction between crops and sampling periods 

compared (Table 15). In early 1995, high numben of females in the canola had 

chorionated oocytes but varying numbers of females in the forage had chorionated, 

vitellogenic and previtellogenic oocytes across the sarnpling periods compared (Fig. 23D, 

Early). Similarly, high numbea of females in the canola had chorionated oocytes but the 

frequencies of females with previtellogenic and chorionated oocytes present in the longe 

varied across sampling periods compared (Fig. 23 D, Late) (Table 17). 

Comoariçon of Lvmcs s~ecies Collected in Canola. The sample sizes fon ing  the 

row or column means in the contingency table varied from 5 to 100 in 1994 (Fig. 23 A & 

C), 10 to 282 in early1995, and 103-283 in late 1995 (Fiç. 23 B & D) when comparing 

egg development frequencies between the L. elisus and L. borealis collected in canola 

using main effects of Lygzcs species and samplinç periods corresponding to canola growth 

stages in categorical modelling. 

There was no significant difference in egg development frequencies between L. 

elistcs and L. borealis females collected in the 1994 canola but there was a significant 

difference in early and Iate 1995 (Table 19) (Fig. 23). In 1994, high frequencies of 

females in both L-vgzrs species contained chorionated oocytes with lower, decreasing 

fiequencies following a similar pattern from post-ovipositional. vitellogenic, 

previtellogenic to non-reproductive, respectively (Table 20) (Fig. 23 A & C). In earIy 

and late 1995, a pattern of high frequencies of chorionated, followed by lower, decreasing 



Table 19: Cornparison' of female egg development stages behveen Lygzrs eliszls and L. 
borealis species collected by  sweep-net and between sampling periods in both canola and 
forage crops in 1 994 and 1995. 

Cano la Forage 

species 2.65 0.62 4 10.20 0.04 4 

Sarnpling Periods3 37.37 0.0 1 20 25.54 0.0 1 12 

species .u Sûmpling 9.99 0.97 20 47.9 1 <O.OOO 1 12 
Periods 

Intercept 7445.75 <O.OOO 1 3 17499.67 <O.OOO 1 3 

species 3 5 .O7 <O.OOO 1 s 7 1.78 <0.0001 3 - 
Sarnpling Periods 5 .O2 0.54 6 103.64 <0.000 t 6 

species x Sampling 3 -79 0.7 1 6 8.64 0.20 6 
Periods 

species 29.39 <O.OOO 1 3 2.36 0.50 3 

Samp Iing Periods 30.46 <O.OOO 1 6 29.33 <O.OOO I 6 

species x Smpling 25.3 1 <O.OOO 1 6 7.99 0.34 6 
Periods 

PROC CATMOD (SAS Institute Inc. 1985; 1990) using main effects (species and sampling period) 
Brarsica napur cv. Legend w d  Medicugo suhu L. 
Samplinp periods compared in 1994 correspond to days 172- 179. 1 80- 186. 187- 19 1. 192- 195. 196-205, and 
206-2 10 in the canola and 172-179, 180- 186, 187-19 1 ,  and 192- 195 in the forage which avoided 
corn parisons with unbalanced data, 

' B. nupus cv. Westar and Onobrychis viciaefoolia Scop. cv. Nova 



Table 20: Mean (*SE) fernale egg development frequencies for Lyg~rs e1i.w and L. borcrrlis cliaracteri~cd as vitellogeiiic (Vit), 
cliorionated (Chor), post-ovipositional (Post), previtcllogenic (Pre), or non-reproductive (Non-repio) collccted by swveep-net in 
canola during the early rosette, bud, flower, and late rosette, bud, flower sampling periods in  1994 and 1995. 

Vit Chor Pest Pre Non-repro Vit Chor Post I're 
-- -- 

Lj~grrs spccics Early * Lute * 

* Indicaies a significont coniparison froni Table 19. 



frequencies of previtellogenic, vitellogenic, and post-ovipositional females \vas present, 

although, higher frequencies of L. borealis contained chorionated oocytes and lower 

frequencies contained previtellogenic oocytes compared to L. rliszis (Table 20) (Fig. 23 B 

& D). There \vas a significant difference in egg devdopment frequencies between 

sampling periods in 1994, and late 1995 but there wcis no significant difference in early 

1995 (Table 19). In 1994, high numbers of fernales had chorionated oocytes but the 

number of females with viteliogenic or characterized as post-ovipositional varied between 

sampling periods (Table 20) (Fig. 23 A & C). In late 1995, high frequencies of females 

had chorionated oocytes. although the frequencies varied and the frequencies of 

previtellogenic fernales varied between sampling periods (Table 20) (Fig. 23 B & D). In 

early 1995, the high frequencies of females with chorionated oocytes and lower, 

decreasing fiequencies of previtellogenic, and vitellogenic oocytes did not change 

between sampling periods compared (Table 20) (Fig. 23 B & D). There was no 

significant interaction between L. cliszts and L. borealis egg development frequencies and 

sampling periods in 1994, and early 1995. however. tliere was a significant interaction in 

late 1995 (Table 19). High and increasing frequencies of L. cliszrs had chorionated 

oocytes although more L. borealis had chorionated across sarnpling periods compared 

(Fig. 23 B & D, Late) (Table 21). More L. elisus had vitellogenic or previtellogenic 

oocytes which fluctumed over the sarnpling periods compared to L. borenlis which had 

very few, although varying numbers of vitellogenic or previtellogenic oocytes (Fig. 23 B 

& D, Late) (Table 21). 

Cornparison of Lvpin s~ecies Collected in Forage Croos. The sample sizes 



Tabie 2 1 : Cornparison' of female egg development stages between Lygzrr elisus and L. 
borealis species collected by sweep-net and benveen smpling penods in both canola and 
forage crops in 1994 and 1995. 

Caoola Forage 

species 

(Early Rosene) 

(Early Bud) 

(Early Flower) 

(Late Rosette) 

Sampling Periods 

species x Sampling 
Periods 

Intercept 104690.99 <O.OOO 1 j 

species 

(Rosette) 26.9 1 <O.OOO 1 3 

(Flower) 1.44 0.70 3 

Srimpling Periods 5 1.36 <O.OOO 1 6 

species .u Sampling O 
Periods 

' PROC CATMOD (SAS Institute Inc. 1985: 1990) using nested-by-effects (samplin~ period) 
Brersica napur cv. Legend and Medicago saha L. 
' Sampling penods compared in 1994 correspond to days 172- 179, 1 80- 1 86. 1 87- 19 1, 192- 195, 196-205. and 

206-2 10 in the canola and 172- t 79, 180- 156, 187- 19 1, and 1 92- 195 in the forage which avoided 
comparisons with unbalanced data. 

B. nupus cv. Westar and Onobrychis viciaefoiia Scop. cv. Nova 



forming the row or colurnn means in the contingency table varied from 15 to 34 in 1994 

(Fig. 23 A & C), 8 to 136 in early 1995, and 14 to 145 in late 1993 (Fig. 23 B & D) when 

comparing egg development fiequencies betwvren the L. elisiis and L. borealis collected in 

forage crops using main effects of Lygm species and sampling periods corresponding to 

canola growth stages in categorical modelling. 

There was no significruit difference between L. elisicv and L. borealis egg 

development frequencies in the 1994 forage and late 1995 forage, but, there was a 

significant difference in the early 1995 forage (Table 19) (Fig. 23). A sirnilar pattern 

consistinç of high frequencies of post-ovipositional fernales, then lower. decreasing 

frequencies of vitellogenic, non-reproductive, previtellogenic, and chorionated females, 

respectively, were observed in both L. elislis and L. borecdis in the forage in 1994 (Table 

22) (Fiç. 23 4 & C). in late 1995, similar frequencies of lmales characterized with 

relatively equd previtellogenic and chorionated oocytes. and lower frequencies of 

vitellogenic and post-ovipositional females were present in the forage (Table 22) (Fiç. 23 

B & D). In early 1995. the pattern of eçg development frequencies was not consistent in 

the forage with relatively equal frequencies of L. burerilis which were characterized as 

chorionated and previtellogenic compared to hiçh frequencies of L. rliszrs characterized 

as previtellogenic followed by lower fiequencies of chononated females. L. buredis and 

hiçh frequencies of previtellogenic, then lower frequencies of chorionated L. eliszis (Table 

23) (Fig. 23 B & D). There was a significant interaction between Lygus species 

compared and sampling periods (Table 19) related to 3 significant difference in egg 

development frequencies between Lygur species in the eariy rosette, early bud, early 





flower, and late rosette sampling periods in 1994 (Table 2 1). Al1 five egg deveiopment 

stages were present in both L. elisirs and L. borenlis. However. frequencies of non- 

reproductive, post-ovipositional. previtellogenic, or vitellogenic fernales in both species 

fluctuated across sampling periods with a general trend of low. decreasing frequencies of 

chorionated females early in the year (Fig. 23, A & C). No significant interaction 

between Lygrs species and sarnpling periods was observed in either the early or late 199 j 

forage (Table 19). 

4.5 Discussion 

This study compared L. elisus and L. borenlis sex ratios, and rnating status and 

egg development of females collected in amually sown canola with those of insects 

collected in perenniai forage crops in southem Alberta. These two types ofcrops were 

examined because Lyggris utilize each as a host at some point in the season even though 

the crop phenologies are quite different. Perennial forage crops commence production of 

vegetative growth as exly as April while commercial crops of annuôl canola are seeded 

in lare April to lateMay in southern Alberta. Forage crops, whicli may provide 

ovenvintering refugia for Lygzis adults. are available to Lygzrs for at l e s t  one month 

before canola is at the rosette stage of development. Salt (1 945) recorded one peak of 

Lygus adults present in alfalfa crops from 20 May to 07 June, a second peak of adults are 

present in alfalfa from 75 June to 25 July. In 1994, my study period was from 27 June to 

14 July and in 1995 from 1 L May to 23 August. Therefore, based on Salt's (1945) 

sweep-net collections in alfaifa, my study examined adults from the second generation in 



forage and adults in the canola for comparable time periods in southem Alberta. 

4.5.1 Sex Ratios 

Overall. no pattern was evident in sex ratio comparisons between Lygzrs in canola 

and forage crops or between L. clisirs and L. borealis. Statistical differences were present 

in the periods studied but the only relatively consistent results which were bioloçically 

relevant in al1 the comparisons is that sex ratios chançed in different patterns over the 

sampling periods compared. Male biassed sex ratios have been found in L. lineohris 

collected by tanglefoot traps in birdsfoot trefoil (Lotlis cornicirhs L.) (Ridgeway and 

Gyrisco 1960). However, in this species. the sex ratio produced in colony reared eggs is 

1 : 1 (Fleischer and Gaylor 198 8). The results from this study may be an artifact of the 

periods utilized in comparisons. Another possibility is that Lygirs species participated in 

movement which results in sex ratio fluctuations between sampling periods in these two 

host crops. Furthemore, because sex ratios were significantly deviating towards both 

male and fernale biassed populations in the host crops studied, both sexes likely 

participated in dispersal but with varying intensity for the two sexes. The dispersa1 Iikely 

occurred continuously during the periods compared and was apparent in the time periods 

studied as continuing. variable fluctuations in sex ratios in both species. 

4.5.2 Female Evlating Status 

Lygzrs did not synchronize their mating to a specific canola crop stage. The 

femaie mating results for both L. disiis and L. borenlis showed no synchronization with 



the rosette, bud, or flower crop stages that were exarnined in the early or late sampling 

penods in the canola. Instead, fluctuations in female matinp status frequencies that 

occurred did so over the entirety of the period studied. 

Femalr L. elis2r.s and L. borealis rnating status were different in forage and canola 

over identical sampling periods. Most L. eiisus and L. borealis females were mated in 

canola whereas relatively few were mated in forage. Low ratios of rnated females in 

forage suggests that rnated females moved out of forage. On the other hand, the high 

frequencies of mated females collected even in the cariy crop stages of canola suggests 

that females moving into the canola crop were already mated. Lygm hesperus femdes 

are not receptive to matinç until6-8 days following adults eclosion (Strong et al. 1970). 

That high numbers of females of both L. elisirs and L. borealis were unmated in foraçe 

but mated in canola during identical sampling periods suggests that females in forage 

crops were younger than females in the canola. This therefore. suggests that females 

were maturing in the forage crop and then movinç to canola afier mating. Stewart and 

Gaylor (1 994b) found evidence supporting movement of reproductive, parous L. 

linrolaris females from flight mil1 experiments where early-reproductive (4.5-8.5 d old, 

maintained at 22-27T) females exhibit longer cumulative-flight penods than pre- 

reproductive (3.5-7.5 d old) females. Late reproductive (X4.5 d old) females have 

cumulative-flights which are seven times longer than flights by less manire females 

(S tewm and Gaylor 1994b). In an earlier study Stewart and Gay lor (1 99 1) found that 

<6.60/0 of female L. lheolaris moving to patches of mustard (Brussica jzrncea crispifolia 

L.) are unmated. More direct studies of movement in L. eliszrs and L. borealis are needed 



to prove that there is achially dispersa1 of mature females fiom forages to canola. 

4.5.3 Egg Developrnent 

Egg development in Lygzrs occuned independent of canola crop stage. although 

siçnificant differences in egg development frequencies occuned between early and late 

seeded stands of canola. Egg development in L. eliszrs followed no seasonal pattern from 

June to eariy August. Initially, most females contained chorionated oocytes. Later, fewer 

females contained chorionated oocytes (2 1 June - I 1 M y )  but increasing numbers 

contained chorionated oocytes in late sampling in eiirly August. This study found no 

seasonal panem in L. borealis egg development. There also was no difference in egg 

development fiequencies between early and late seeded stands of canola. High numbers 

of female L. borealir contained chorionated oocytes for the duration of the study period. 

In southern Manitoba, a ratio of r 0.80 of L. lineoiaris females contain chorionated 

oocytes in canola (B. napus) during the sampling periods used in this study (Gerber and 

Wise 1995). Therefore. L. eiisirs. L. boreolis, and L. lineoioris show no seasonal egg 

development pattern. illoreover, al1 three species developed eggs independent of canola 

crop stages. 

The incidence of Lygics females at various stages of egg development in canola 

and forage crops strongiy suggests that egg developrnent and oviposition were related to 

which females participated in dispersa1 events and possibly even which host is selected. 

In southem Manitoba, the stage of egg development in field collected females of L. 

lincolaris fiom al fa! fa (M sczrivo L .), and ever-bearing strawbemes (Frngario x ananassa 



Duchesne) is sliçhtly different than that of females collected fiom canola (B. napus L.). 

In alfalfa and ever-bearing strawbemes, high ntios of females contain previtellogenic 

oocytes in mid-June and are gradually replaced by high ntios of females containing 

chorionated oocytes in early August (Gerber and Wise 1993). During comparable 

sarnpling periods in canola, high ratios of females (s0.80) contain chorionated oocytes 

from early July until aarly August (Gerber and Wise 1993). From early August onwards, 

second generation female L. lineolaris with previtellogenic oocytes begin to replace 

females with chorionated oocytes (Gerber and Wise 1995). Thus, in southern Manitoba, 

L. lineolaris egg development appem to be similar in forage, ever-bexing strawbcmes, 

and canola until early August when higher ratios of females contain chorionated oocytes 

in the canola compared to alfalfa and strawberries. The same is the case in southern 

Alberta where L. elisris and L. boreah females, based on stage of egg development, were 

ready to oviposit in canola but not ready to oviposit in forage crops. Spring seeded 

canola has not been s h o w  to be an ovenvintering habitat for Lygu in Canada and it is 

presumably unavailiible until the cotyledons develop. Oviposition likely commences at 

the rosette stage and continues until the plant is no longer suitable to the female or the 

plant cut for harvest. Thecefore, adult Lygrs present in canola stands prior to early 

flowering must a i se  from adult movement to the canola. 

Studies have s h o w  that Lygiis feeding and oviposition host preferences may not 

be identical for different species. Gerber (1 995) found that L. lincolaris discern behveen 

çenus and species of'host plants. Lygrs linrohris prefer to oviposit on Simpis, then later 

in Brussica, in choice tests. In addition, L. lineolaris prefer B. carinata and B. napzrs to 



B. jzrncea, and S. alba to S. amensis. Lygzis lheolaris also exhibit an oviposition 

preference for fleabane (Erigeron strigoszrs Muhlenberg ex. Willdenow) over Cotton 

(Gossypitim hirsutzrm L.) (Stewart and Gaylor 1994b). Even though green beans are a 

superior diet for nymphal development. L. lineoluris prefer to oviposit on celery or 

carrots over green beans (Curtis and McCoy 1964). These studies indicate that L. 

lineofaris select between hosts and that host selection is different for oviposition and 

feeding. Likely L. elistrs and L. borealis exhibit the same ability to distinguish between 

hosts. Results from this study show that high frequencies of L. eliszn and L. borealis 

females in canola were ready to oviposit whereas high frequencies of females in forage 

crops were not ready to oviposit. If dispersa1 is an adaptation to locate oviposition sites 

as opposed to strictly locating a food source, and Lygzis are able to distinguish behveen 

hosts, females ready to oviposit rnay disperse From hosts lacking suitable oviposition sites 

and to hosts that are suitable for oviposition. ï h e  result of this rnay be that fernales not 

ready to oviposit remain in hosts suitable for feeding and. once they are ready ro oviposit? 

females disperse fiorn hosts unsuitable for oviposition and remain in hosts where 

oviposition cm be completed. 

The stage of egg development may affect which females move and oviposition 

suitability may affect where these females remain. During the period studied, the plant 

structures available in the canola and forage crops were different. Forage crops were 

older and had thicker stems suggesting that rliis host was not as suitable for oviposition 

compared to the cmola which had younger, moist, rapidly-growing plant tissues available 

in abundance. Thus L. elisus and L. borealis females rnay have moved to the canola from 



the forage in search of more suitable oviposition sites. Lygzrs could still feed in dl three 

crops, as shown by the continued residence of Lygrrs in both crops for the duration of the 

study. However, older fonge with fewer suitable oviposition sites rnay have been less 

suitable to L. rliszrs and L. borenlis which could have dispersed to the canola crop. 

Research on the oviposition preferences of il.(acrolophus cafiginoslis Wagner 

(Ferran et al. 1996) and L. ~ineofuris (Curtis and McCoy 1964) suggests that physical 

stimuli are important in determining oviposition suitability in hosts. ~Cfucrolophus 

caliginoszrs is a mirid which utilizes its rostrurn to locate and mark an oviposition site and 

the ovipositor is suspected to aid in evaluating host quality of plant tissue (Ferran et al. 

1996). Lygzrs lineoluris shows an oviposition preference for young. moist tissue (Curtis 

and McCoy 1964). It is possible that physical differences in young, moist plant tissues 

and oldrr plant tissues cue host suitability for oviposition in females of most Lygus 

species. 

To summarize, sex ratios indicated that both L. eliszu and L. barenlis sex ratios 

are capable of deviating fiom 1 : 1 ratios and cm be di fferent from each other, particularly 

when compared over sampling periods. The changes to sex ratios m q  be the result of 

constant participation in dispersal events by both males and females. 

Femde mating status kequencies and egg development status frequencies were 

independent of canola crop stages. Lygus eliszis exhibited a crop specific utilization 

pattern where high frequencies of females were mated and ready to oviposit in canola 

whereas high frequencies of' females in fonge crops were unmated and not ready to 

oviposit. In L. borealis, this same crop utilization pattern was even more pronounced 



during the period studied. Mating status and egg development frequencies in L. elisus 

females began with high frequencies of mated females that were ready to oviposit present 

in the canola in late June which decreased in early-mid July then increases by early 

August. Lygus borealis mating status frequencies showed similar patterns to those of L. 

elisris, although high frequencies of Females were ready to oviposit for the duntion of the 

period studied. 

Lygzîs elisiis and L. borealis were found in both canola and forage crops for the 

duration of the study. This indicates that both crops were suitable for feeding. However. 

both fernale mating statu and egg development frequencies indicated that the L. eliszu 

and L. borealis were different in the crops cornpared. 



5 .  GENEK4L DISCUSSION 

Lygzrs cause economic levels of damaçe in canola (Brczssicn napzrs) grown in the 

Canadian prairies (Butts and Lamb 1990; 199 1 : Turnock et al. 1993; Wise and Lamb 

the stand and reproduction by these adults. Lygzrs eiistis and L. borcdis collected from 

canola and forage plus dissections of unmated and mated L. elistrs suggest that 

reproductively mature Lygzrs females move into canola. 

5 1 Lygzrs Frmale Reproductive Processes 

Lygzcs egg development, female mating. and oviposition are closely associated 

processes. There is a period of maturation which corresponds to the time required to 

produce eggs ready for oviposition. Fernale L. elisus, 1 day after adult eclosion. have 

undeveloped ovarioles lacking any visible oocytes. Previtellogenic, vitellogenic, and 

then chorionated oocytes are developed at approximately 4, 5,  and 7 days, respectively, 

afier adult eclosion. Unmated and mated L. eiisirs females develop previtellogenic, 

vitellogenic, and chononated oocytes at the same rate, indicating that oogenesis occurs 

indepezdent of rnating. Lygiu elisirs females develop chononated eççs in 7 days which 

approximates the 6-8 day period detemined for mating receptivity in L. hespertcs (Strong 

et al. 1970). This suggests that chononated oocyte production occurs prier to mating and 



that production of chorionated oocytes within ovarioles may initiate mating. Therefore, 

reproductively mature females are characterized morphologically by the development of 

chorionated oocytes within ovarioles and behaviounlly by receptivity to mating. This 

concurs with field observations where high frequencies of female L. eiiszrs and L. borenlis 

contain chorionated oocytes and are mated in canola while low frequencies of female L. 

elklrs and L. borealir contain chorionated oocytes and are mated in forage. Fernales 

without chorionated oocytes are unrnated in both crops. Matinç is followed by a 

dzplrtion of chorionated oocytes from ovarioles (Section Three), which are oviposited 

into plant tissues. 

Reproductive development of females was proposed to follow two patterns; (i) an 

initial mating occurs only after a full complement (>18 chorionated oocytes) of  

chorionated oocytes develops within a female's ovarioles and subsequent matinçs only 

occur after oviposition of the complete batch and a new full complement of chorionated 

oocytes develops within the female's ovarioles. and (ii) an initial rnating occurs after 

development of a full complement of chorionated oocytes with subsequent mating 

occurring when required and M e r  chorionated oocytes produced continuously and 

oviposited as they develop. The difference between the two hypotheses is the point at 

which subsequent mating occurs in the production of chorionated oocytes. 

In hypothesis (i), al1 available chorionated oocytes are oviposited prior to 

production of more chorionated oocytes and receptivity to subsequent rnating. Also, 

another complete batch m u t  be deveioped within the female's ovarioles prior to mating. 

At the end of a female's reproductive Me. al1 available chot-ionated oocytes are depleted 



from her ovarioles and then she dies. In hypothesis (ii), the initial mating occurs afier a 

complement of chononated oocytes is produced but further chorionated oocyte 

production is not in batches. Instead, oviposited chorionated oocytes are continuously 

replaced by new chorionated oocytes and mating occurs when required to provide the 

necessary sperm fluids. In this hypothesis, the female dies with chorionated oocytes in 

her ovarioles. In the laboratory, one mating bout resulted in depletion of several 

chorionated oocytes rvithin the ovarioles L. elislis. However, in the field, no reproductive 

L. eliszcs or L. borealis females contained <5 chorionated oocytes which rnay indicate that 

chorionated oocytes are continually being produced until the females die or Ieave the 

crops. This suggests that full complements of chorionated oocytes are not oviposited by 

ferndes as suggested by hypothesis (i). Instead. chorionated oocytes are produced 

continually after the initial mating and females never deplete chorionated oocytes as 

suggested in hypothesis (ii). 

5.2 Female Reproductive Maturity and its Association to Lygzcs Movement 

Lygzo ovenvinter in litter or plant cover and in the spring, ovenvintered adulis 

rnove to and feed on early-growing plants (Craiç 1983). Perennials like forage crops not 

only provide ovenvintering sites but also early growth (mid-May to mid-June) suitable 

for Lygzis feeding. In contrast, cornmercially grown canola is a suitabte host for Lygzcs 

feedinç but. because it is an annuai, Lyps  that have not developed from eggs oviposited 

wivithin that host, can only appear there through movement from another host. Also, the 

first Lygzrs nymphs were not present in the canola until July and any Lygzrs adults 



collected in the canola had to originate fiorn another host. Therefore, sampling from the 

rosette to flower canola growth periods, only immigrant adults were examined. Of these 

females, high nurnbers of L. elisris and L. borenlis have partly deflated seminal 

depositories and contain chorionated oocytes. This suggests that Lygzis females moved 

when they are ready to oviposit and after they have mated. 

Insect movement is genenlly defined as dispersal or migration and one of' the 

defining characteristics used to distinguish between these two definitions is reproductive 

status. Kennedy (196 l), defined migration as movement involving the inhibition of 

reproduction, including adults that were non- or pre-reproductive. Johnson (1966) 

defined migration as including pre- or non-reproductive adults and used the term 

oogenesis-flight syndrome to describe migration by young adults in which oogenesis is 

inhibited. Dingle (1972) said that migrating individuals should move prior to 

reproductive maturity to habitats suiting development of offspring. If we examine Lygus 

movement as exernplified by L. clisus and L. buredis, movement into canola from June 

to early August, Lygtrs disperse to canola. During the period studied, migration, as 

defined by Kennedy (196 l), is not occurring, and the oogenesis-flight syndrome (Johnson 

1966) does not apply to Lyglu. Instead, Lygu appear to disperse when adults have rnated 

alredy possess chononated oocytes. 

5.3 Lygzis Reproduction in Relation to Canola Crop Stage 

Mating status and egg development frequencies were not related to different 

canola crop stages or staggered seeding dates of cmola In 1994 and 1995, high 



fiequencies of L. elisris and L. borealis females collected frorn different (1 1 May and 14 

June) seedings of canola were mated, as indicated by the size of the seminal depository, 

and contained chorionated oocytes. This suggests that canola was utilized for oviposition 

by L. elisirs and L. borealis. 

Lygzrs likely follow a movement pattern where reproductively mature females 

move into availablc canola stands. In southem Alberta, high frequencies of L. rlisus and 

L. borcalis females contain chononated oocytes beginning in June then this decreases 

from late-June to early August followed by an increase in late August. From June to 

early August, high fiequencies of these same females are mated over the comparable 

penods. Results fiom dissected L. elislrs suggest that production of chorionated oocytes 

within ovarioles coincides with mating receptivity (Section 3). 

5.1 Lygzrs Species Differences 

Lygzrs eliszrs and L. borenlis genenlly adhere to similar mating and egg 

development patterns however the two species are different. Comparison of L. elisirs and 

L. borcalis mating stanis frequencies indicate that higher frequencies of L. borealis 

females than L. elistrs females were categorized as mated in the canola. Generally similar 

frequencies of L. borealis and L. elisiis females were categonzed as mated in the forage 

crops. Relatively higher frequencies of female L. boredis contained chorionated oocytes 

than L. elisiis in the canola. GeneraIly, similar low frequencies of L. borcalis and L. elinis 

females contained chorionated oocytes in the forage crops. This kvas related to the finding 

that the majority of females in the forage rvere reproductively Young, as indicated by the 



absence of chorionated oocytes ovarioles associated with adult female Lygzls 57 days old 

(Section 3). In the forage crops, L. eliszrs and L. boreolis are more similar but there were 

feewer reproductively mature females of both species in this crop. Thherefore, there is less 

variation possible in mating and egg development status compared to females collected in 

canola. 

The matinç status and egg development results show that L. rliszrs and L. borealis 

are not identical in their development. However. dunng the period studied, high numbers 

of females of both species collected Born the canola were ready to oviposit and mated. In 

the forage, low numbers of female L. elbiis and L. borealis were ready to oviposit and 

mated. These results do suggest that L. elis~rs and L. borealis reproductive status, in terms 

of practical management and control in canola and forage crops, could be dealt with as a 

"Lygrrs complex". Fye ( 1  982) groups several Lygus species together as a complex because 

each species inflicts the same type of injury and they coexist within one field. In addition 

to coexistence and damage inflicted, this study indicates that female reproductive status 

also is similar between L. elistrs and L. borralis. This suggests that in southern Alberta, in 

terms of management and control, these two dominant species of Lygus (Schwartz and 

Footitt 1992) could be considered as a complex. 

5.5 Sex Ratios 

Cornparison of L. efistcs and L. borealis sex ratios did not show bias towards either 

females or males in either canola or forage crops. Sex ratios did not deviate from 1 : 1 in 

1994 but deviations were cornmon in 1995 with both male and fernale bias occurring. 



Ovenll, no pattern is evident in L. elisirs and L. boreulis sex ratios although, sex ratios did 

consistently change between sarnpling periods compared. The 1 : 1 sex ratio observed in 

!abontory reared L. linroiaris (Fleischer and Gaylor 1988) may be present in both L. 

rliszis luid L. borralis but the variable se': ntio results do not indicate any predictable 

relationship between sex ratios and canola crop stage or any temporal period examined in 

this study. 

5.6 Conclusions 

Dissections of colony reared L. eliszis indicate that eçg development is independent 

of mating but mating does not occur until there is a large complernent of chononated 

oocytes within a fernale's ovarioles. In the field, fernales which possess a large 

cornplement of chononated oocytes are usually mated. Fernales lay chorionated oocytes 

continuously once mated. The longevity of reproductive females and possibility of 

multiple mating needs to be further investigated in order to more accurately estimate age 

of field collected Lygzis. 

Sex ratios fluctuated from sample to sample but there was no consistent pattern. 

Constant movement by both sexes may resuit in the apparent temporal change in sex ratio. 

However, in the large population, the ntio is likely 1 : 1. 

Female reproductive status is associated with L y p s  movement. Higher 

frequencies of female L. eliszrs and L. borenlis contain chorionated oocytes and are mated 

in canola stands (rosette to flower stages) from June to early August cornpared to those in 

forage. This suggests tha: L. eiisus and L. borealis (1) are oIder in the canola thm in tlie 



forage, (2) utilize canola and forage crops differently based on the completion of 

reproductive, as opposed to stnctly feeding, activities. (2) reproductive status is not 

synchronized with a particular canola crop stage, and (4) exhibit a movement pattern in 

which individuals participating in movement are reproductively mature. Based on this 

study. L. elkirs and L. borrolis rnovement is a dispersa1 event whereby reproductively 

mature females move fiom one host to another. 



6. SUbIMARY AND CONCLUSIONS 

Oogenesis occurs independent of rnating in L. eliszrs females. The ovarioles 

which house developing oocytes are undeveloped in newly eclosed females. Both 

unmated and mated females produce previtellogenic. vitellogenic, then chorionated 

oocytes wi thin ovarioles at 4, 5 ,  then 7 days, respectively . Production of chorionated 

oocytes is hypothesized to proceed rnating receptivity. blating results in a decrease in the 

number of c horionated oocytes from within ovarioles. although the previtellogenic region 

of the ovarioles remains visibly intact. The reduction is likely due to continuous 

oviposition by matrd females. 

Lygrrs female reproduction is associated with movernent into economically 

important crops such as canola. Both males and females disperse into canola at a similar 

time because no pattern in sex ratios was evident. Lygics elisrrs and L. borealis sex ratios 

were sometimes either male or fernale biased and fluctuated with no apparent pattern. 

Higher frequencies of female L. elisus and L. borenlis contain chorionated oocytes and 

are mated in canola stands (rosette to fl ower stages) frorn June to early August compared 

to those in forage. This suggests that most L. elisirs and L. borealis are older in the 

canola than in the forage. Lygics eliszrs and L boreolis utilize canola and forage crops 

differently based on the cornpletion of reproductive, as opposed to strictly feeding, 

activities. High frequencies of mated, ready to oviposit L. elisirs females were present in 



the canoia in late June which decreased in early-mid July then increased by early August. 

High fiequencies of L. borealis females were mated and contained chononated oocytes 

for the duration of the study penod. Lygrrs elistcs and L. borealis move when females are 

reproductively mature. The finding that high frequencies of mated hmaies that were 

present in the canola compared to high frequencirs of unmated, reproductively immature 

females in the forage during the same period, suggests thar L. eliszrs females in forage are 

younger, that they mature reproductively in forages then, once mated and ready to 

oviposit, are found in canola where they oviposit. Based on this study, L. eliszis and L. 

borealis movement is a dispersa1 event whereby reproductively mature Fernales move 

from one host to another. 



7. CONTRIBUTIONS TO WOWLEDGE 

By examining the reproductive biology of L. rliszrs females using unmated and 

mated individuals, this study has shown that egg development occun independent of 

mating. Fernales are likely receptive to mating once chorionated oocytes are developed 

within ovarioles. Mating results in expansion of the seminal depository in females. With 

time, the seminal depository in mated females gradually decreases in size and the number 

of chorionated oocytes within ovarioles decreases as oocytes are oviposited. 

This study demonstrated that L. eliszrs and L. borealis reproduction is associated 

with movement. In the forage, unmated L. efisirs and L. borealis females which were not 

ready to oviposit chorionated oocytes were present but mated and ready to oviposit 

chorionated oocytes in the canola during the same sampling period. This suggests that 

females in the fonge are younger than those in the canola. Fernales likely feed and 

mature reproductively in the forage then move to canola to mate or to oviposit. Finally, 

females are capable of disceming between hosts and move accordingly to oviposit on 

suitable hosts. Lygirs oviposiiion preferences should be examined to determine plant 

characteristics that deter oviposition. Physical qualities of the plant, e g ,  moisture levels, 

trichome density, or age of plant structures may affect Lygm oviposition preferences. 

Plant characteristics deterring oviposition might be used by plant breeders to provide 

plant protection through breeding prograrns. 
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9. APPENDIX 1 



Figure 24. Mean abundance of Lygirs species from 100 swerps performed in crops in 1994. 
Sweep-net collections were performed during sampling penods defined as the days 
rlapsed when the early and late seeded stands of canola were at the early rosette (1 72- 
179), bud (1 80- 186), flower (1 87- 19 l ) ,  latc rosette (1  92- 195). bud ( 196-205). and flower 
(206-2 10) crop stages. A. Lygzrs elisris (Van Duzee) collected in canola; B. Lygzrs 
eiiszis (Van Duzee) collected in alfalfa; C. Lygiis boreaiis (Kelton) collected in canola; 
D. Lygrrs borrolis (Kelton) collected in alfalfa. 
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Figure 25. Mean abundance of Lvgirs species from 100 sweeps performed in crops in 1995. 
Sweep-net collections were performed during samplinç periods detined as the days 
elapsed when the early and latr seeded stands of canola were at the early rosette (1 3 1 - 
17 l), bud (1  72- 1 Sj), flower ( 1  86- 192). late rosette ( 1  85- I96), bud (1 97-208), and flower 
(209-2 16) crop stages. A. Lyyrrs rlislis (Van Duzee) collected in cmola; B. Lygîs 
rfisirs (Van Duzee) collected in alfalfa: C. Lygirs borrnlis (Krlton) collected in canola: 
D. L-vps borrnlis (Kelton) collected in alfalfa. 
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10. APPENDIX 3 



153 
Table 23. Mean and range number of chorionated and vitellogenic oocytes in Lypo 

eliszrs and L. borenlis fernaies collected in canola (Brczssica napzis L. cv. Westar) and 
sainfoin (Onobrychis viciczefolia Scop. cv. Nova) in 1995. 

L y p  specirs Hast crop Size of Mcan Rmgc Mean Rmse Samole 
seminal nunber of nurnbir of nurnber of numb& of s i k  

dcpository chorionzitcd chorionatrd vitcllogenic vitcIlogcnic (N) 
oocytcs aoqtcs oocytes Oocytcs 
(=SE) (*SE) 

- 

Lygrr~ elisus Canola unintlatrd 

Sainfoin uninflated 

drtlatcd 

Lygus borealts Canola unintlatcd 0.2 (50.09) 

3.5 ( I O .  14) 

drtlatcd 

Sainfoin uninflated 




